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to  the  exponential-linear  version  of  the  MK  15/16 
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The  Sivy  Experimental  Diving  Unit  (HEDU)  *  er formed  unmanned  testing  end 
human  factors  evaluations  on  two  prototype  Underwater  Decompression  Monitors 
(UDMs)  which  were  proiraamed  with  an  HEDU  developed  decompression  algorithm. 
Testing  was  designed  to  evaluate  UDM  hardware,  and  to  recommend  suitability  of 
the  UDMs  tested  for  Approval  for  Navy  Use  (ANU)  status.  The  approved  UDM 
models  could  then  be  progressed  with  any  suitable  decompression  algorithm. 

The  six  U.S.  Navy  prototype  OECA  UDMs  tested  at  NEDU  suffered  from 
reliability  problems  as  a  result  of  water  leakage  into  the  case  and  failures 
of  the  pressure  transducer,  and  several  important  U.S.  Navy  specifications 
were  not  provided  on  these  units.  As  a  result  of  these  discrepancies,  these 
units  were  not  eubmitted  to  the  full  test  cycle.  The  DIVETRORIC  UDMs  provided 
acceptable  depth  and  profile  tracking  accuracy  in  a  wide  temperature  spectrum, 
and  are  recommended  for  AHU  with  display  modifications. 
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Traditional  U.S.  Wavy  decompression  procedures  are  presented  In  printed 
tables  in  which  the  max  latum  depth  attained  at  any  time  during  a  dive  along 
with  the  total  dive  time  are  used  to  choose  the  appropriate  schedule. 
Procedures  for  giving  credit  for  time  apent  at  the  surface  breathing  air  are 
given  in  repetitive  dive  tablea  but  no  procedure  wee  available  fcr  doing 
multiple  level  divea  until  the  advent  of  the  Combat  Swimmer  Multi-Level  Dive 
(CSMD)  procedures  (reference  1).  However,  these  procedures  are  not  only 
cumbersome  but  also  require  extensive  record  keeping.  In  order  to  develop 
procedures  better  suited  to  the  complicated  multiple  level/repetitive  diving 
of  the  Naval  Special  Warfare  Combat  Swimmer,  NEDU  has  been  developing  computer 
algorithms  which  can  compute  not  only  standard  decompression  tables  but  also 
decompression  schedules  in  real  time.  The  intention  has  been  to  program  these 
algorithms  into  a  small  diver  carried  Underwater  Decompression  Monitor. 

The  Underwater  Decompression  Monitor  (UDM)  is  a  microprocessor  controlled 
device  which  tracks  depth  and  time  and  uses  this  information  to  compute 
decompression  obligation.  The  goal  of  UDM  development  has  been  to  provide  an 
accurate,  reliable,  and  maintainable  instrument  for  use  by  the  Naval  Special 
Warfare  Community  as  part  of  the  SEAL  Support  System  (SSS)  package.  Use  of  an 
approved  UDM  will  enable  long  duration,  multiple  depth  diving  to  be 
accomplished  safely  without  the  unduly  restrictive  decompression  requirements 
incurred  when  conventional  tablea  are  used.  Additionally,  the  UDM  should 
prove  to  be  much  simpler  to  use,  allow  divea  of  unlimited  multi-level 
complexity,  and  provide  greater  decompression  profile  accuracy  than  the  CSMD 
procedures . 

II.  ALGORITHM  FTOCXIQHIHG 

A.  Background.  The  basis  of  a  computer  algorithm  for  doing  real  time 
decompression  schedule  calculation  is  a  set  of  mathematical  equations  which 
compute  decompression  obligation  based  on  the  depth/time  profile.  The  only 
external  input  required  is  actual  depth  and  elapsed  time.  The  U.S.  Navy 
development  has  chosen  to  sample  depth  at  2  second  intervals,  and  compute  and 
display  decompression  obligation  at  this  interval.  Once  developed  and  tested, 
the  algorithm  could  be  used  in  any  computer  capable  of  sampling  depth.  Also 
the  same  algorithm  could  be  used  to  compute  a  set  of  standard  decompression 
tables  for  standard  dive  profiles. 

B.  BL-MK  15/16  RTA.  Development  of  computer  algorithms  which  can  be 
Implemented  into  a  UDM  is  discussed  in  references  2  through  4.  The  basis  of 
the  algorithms  is  given  in  these  references.  Phase  I  and  II  testing  of 
decompression  algorithms  resulted  in  the  promulgation  of  the  first  U.S.  Navy 
approved  version  which  was  the  combined  result  of  678  man  dives.  This 
algorithm  was  designed  to  compute  real  time  decompression  schedules  for  the 

MK  15  MOD  0  underwater  breathing  apparatus  (UBA),  or  any  UBA  which  controls  to 
a  mean  PO2  of  0.7  ATA  or  above,  as  long  as  it  warns  the  diver  when  the  PO2 
falls  to  0.6  ATA  or  lower  and  uses  nitrogen  or  air  as  a  diluent.  Because  the 
MK  16  MOD  0  UBA  functions  identically  to  the  MK  15  MOD  0  UBA  in  that  it 
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electronically  controls  the  PO2  to  *  preset  value  independent  of  depth  using 
say  desired  inert  gss  as  a  dlluant,  the  real  tine  computer  algorithm  is 
referred  to  as  the  XL-MC  15/16  Seal  Tine  Algorithm  (BL-MK  15/16  ETA).  BL 
refers  to  the  exponential-linear  Torsion  of  the  KK  15/16  ETA  using  the  WAA18 
NPTT  Table  (reference  3).  This  algorithm  was  used  to  conpute  a  set  of 
conventional  diving  tablee  for  use  until  a  UDH  vas  available.  It  vaa  the 
XL-MK  15/16  ETA  that  vas  implemented  into  the  prototype  UDH  Models  which  are 
the  subject  of  this  report. 

C.  SAD.  The  KL-MK  15/16  ETA  provides  ultimate  dive  flexibility  by 
constantly  updating  the  decomprreeion  requirements  and  providing  a 
decompression  schedule  ideally  suited  to  a  particular  depth/tima  profile  for  a 
particular  USA.  Any  combination  of  unplanned  excursions  can  be  performed 
without  losing  track  of  decompression  obligation.  It  performs  this  function 
by  monitoring  depth  every  two  seconds  and  using  this  value  to  update  the  gas 
tensions  in  the  nine  theoretical  half  time  tissues  using  a  set  of  gas  uptake 
and  elimination  equations.  Updating  of  tiaaua  tensions  continues  over  the 
entire  course  of  the  dive,  and  at  any  given  time  the  nine  tissue  tensions 
reflect  the  cumulative  gas  tension  for  the  entire  proceeding  dive  profile. 

The  algorithm  then  compares  these  tissue  tensions  with  the  ascent  criteria 
which  ara  maximum  permissible  tiaaue  (inert  gaa)  tensions  (HPTT)  at  each  of 
the  10  FSW  incremental  stop  depths.  The  algorithm  determines  the  shallowest 
stop  depth  ec  which  none  of  the  current  tissue  tensions  will  be  greater  than 
their  respective  NPTT.  This  depth  is  displayed  as  the  safe  ascent  depth  (SAD). 

The  SAD  is  displayed  concurrently  with  the  divers  actual  depth.  It  is  the 
SAD  which  describes  the  decompression  status  of  the  diver  at  any  time.  As 
long  as  the  diver  remains  below  the  SAD,  he  is  not  violating  any  ascent 
criteria.  To  decompress  from  a  dive  involving  a  decompression  stop 
obligation,  the  diver  ascends  to  the  displayed  SAD  and  waits  for  the  SAD  to 
decrement  to  the  next  10  FSW  shallower  stop.  By  matching  hla  depth  to  the 
displayed  SAD,  the  diver  will  eventually  decompress  to  the  surface.  Once  on 
the  surface,  as  long  as  the  UDH  remains  on,  it  will  continue  to  update  his 
tissue  tensions  so  when  he  re-enters  the  water,  all  previous  dives  and  surface 
intervals  since  the  UDH  was  turned  on  are  taken  into  account. 

D.  Diver  on  Surface.  The  EL-KK15/16  algorithm  is  designed  to  assume  that 
the  diver  is  breathing  air  any  time  his  depth  is  3  FSW  or  leas,  so  the  diver 
need  take  no  action  when  he  surfaces  and  begins  breathing  air. 

E.  Warning  Status.  Algorithm  development  testing  vas  done  within  a 
certain  depth/time  domain  and  when  the  diver  ventures  outside  of  that  domain 
the  likelihood  of  decompression  sickness  (DCS)  occurring  is  unknown.  For 
instance,  the  maximum  depth/ time  single  dive  profile  which  vas  tested 
initially  vas  150  FSW  for  30  minutes.  The  diver  should  be  warned  if  he 
exceeds  that  limit.  Initially,  analysis  of  all  tested  depth/time  profiles 
shoved  that  at  the  limits  of  the  tested  depth/time  domain  the  tissue  tension 
of  the  40  FSW  tissue  was  just  77  FSW.  It  was  also  shown  that  divers  never 
went  below  30  FSW  during  repetitive  or  multiple  level  dives  as  long  as  the  40 
FSW  tension  was  above  48  FSW.  So,  in  the  initial  phases  of  the  algorithm 


development,  the  diver  was  warned  he  was  outside  of  the  tested  depth/time 
domain  by  having  the  SAB  display  blink  whenever  the  40  FSW  tissue  tension 
exceeded  77  FSW.  At  this  point  the  diver  was  to  ascend  to  a  depth  of  30  FSW 
or  shallower  and  remain  there  until  the  40  FSW  tissue  tension  fell  below  48 
FSW  at  which  point  the  SAD  stopped  t  inking. 

These  40  minute  tissue  tension  criteria  were  incorporated  into  the 
prototype  UDM's  because  a  more  appropriate  set  of  criteria  had  not  yet  been 
developed.  The  final  version  of  the  EL-MK  15/16  RTA  used  a  different  set  of 
offgassing  equations  than  the  initial  version  and  the  40  FSW  tissue  tension 
warning  status  criteria  are  now  too  conservative.  This  will  be  corrected  in 
the  final  version  of  the  algorithm  which  will  be  programmed  into  production 
models.  Also,  the  warning  status  criteria  will  change  as  more  experience  is 
gained  with  the  algorithm  but  the  goal  will  be  the  same,  to  warn  the  diver 
when  he  is  outside  of  the  tested  depth/time  domain.  However,  it  should  be 
kept  in  mind  when  reading  this  report  that  the  points  in  the  dive  where  the 
warning  status  turns  off  will  be  different  in  the  production  version  of  the 
UDM.  The  warning  status  as  currently  implemented  will  requ  spending  more 
time  shallower  than  40  FSW  than  required. 


It  must  be  remembered  that  activation  of  the  warning  s  ><*  in  no  way 
affects  computation  of  the  decompression  schedule.  The  a},.  .  1 1 

continue  to  update  the  divers  decompression  status  in  a  nr  ,  .  >•  even 

though  the  warning  status  has  activated.  The  safety  of  tl  <  t  ..  will  not 

change  suddenly  once  the  tested  limits  have  been  exceeded,  '  .  ’  will 

have  a  safety  margin  from  the  time  the  warning  status  is  <  t  until  they 

are  in  areas  which  might  have  on  increased  DCS  incidence.  >  :  :".cy  margin 

allows  the  UDM  to  be  used  right  up  to  the  limits  at  whicL  rr  status 

is  activated;  no  additional  safety  margin  is  needed. 


F.  Hardware  -  Software  Interaction.  The  testing  des. 
was  designed  to  test  the  UDM  hardware.  The  UDM  is  a  mic 
pressure  transducer  input  capable  of  being  programmed  v 
algorithm.  However,  in  order  to  properly  test  the  hardw* 
programmed  with  an  algorithm  whose  characteristics  are  ' 
This  algorithm  must  test  all  hardware  features  and  func  . 
complete,  the  UDM  could  be  programmed  with  any  algorithm 
testing  to  ensure  it  was  properly  programmed  would  be  ne 


is  report 
•  vit.i  a  • 

V  vit  : 

'■'set  te 
■!.  j  fined, 
ce  testing  is 
cursory 


In  the  testing  described  in  this  report  the  UDM’s  we 
EL-MK  15/16  RTA  as  currently  implemented.  This  same  ulgc 
into  a  Hewlett-Packard  (HP)  1000  M  series  computer  which  x 
to  which  the  UDM's  were  compared.  In  particular  the  folic 
functions  were  tested  which  are  independent  of  the  algori 
the  UDM. 


r-  -  with  the 
’  .-ogrammed 
.  standard 
are 
•t  gram 


Depth  Accuracy:  This  is  algorithm  independent  and  comparing 

the  depth  as  3piayed  by  the  UDM  to  a  standard  of  o  ”racy. 

Temperature  Sensitivity:  This  is  algorithm  in'  ■ 

designed  to  see  if  the  UDM  will  maintain  depth  .  .  '  diction 

properly  over  a  wide  range  of  temperatures. 
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Battery  Duration:  This  is  algorithm  independent  and  designed  to 
define  battery  duration  under  a  variety  of  conditions. 


Mud  Test.  Drop  Test.  Watertight  Integrity:  These  are  tests  of 
ruggedness  and  are  algorithm  independent. 

The  set  of  tests  described  below  test  the  functioning  of  the 
microprocessor  itself.  The  algorithm  was  initially  developed  using  the 
FORTRAN  programing  language  on  an  HP  1000  computer.  When  programmed  into  the 
UDM,  the  logic  remains  the  same  but  the  programming  language  is  different. 

Not  only  must  the  ability  of  the  microprocessor  to  activate  the  various 
displays  be  tested,  but  the  ability  of  the  programming  logic  to  be  correctly 
executed  in  this  new  environment  must  be  tested.  Also  the  ability  of  the 
microprocessor  to  properly  function  under  operational  conditions  must  also  be 
tested.  This  testing  was  as  follows: 

Profile  Tcafifcinft.i..fifigaaimg9.ign.  Dives :  This  simply  compares  the  UDM 
profile  to  the  HP  1000  standard.  If  the  profile  is  appropriately 
computed  for  the  UDM  depth  input  then  the  logic  of  the  algorithm  is 
functioning  properly.  This  test  is  performed  after  the  UDM  has  been 
subjected  to  a  number  of  environment  and  ruggedness  tests  to  ensure 
the  microprocessor  will  function  properly  under  real  world  conditions. 

Profile  Tracking.  Repetitive  No-Decompression  Dives:  This  not  only 
tests  the  logic  of  the  program  but  also  the  proper  switching  of  the 
UDM  from  the  0.7  ATA  constant  PO2  mode  to  the  air  mode  at  the 
surface.  It  also  spot  checki  the  surfacing  maximum  permissible  tissue 
tensions. 

Profile  Tracking.  Repetitive  Decompression  Dives:  This  performs  the 
same  basic  function  as  the  previous  tests  but  under  longer  more 
extreme  conditions.  It  additionally  tests  the  ability  of  the 
microprocessor  to  accurately  compute  stop  times  and  total  time  to 
surface  after  a  surface  interval. 

Warning  Status  Test:  While  the  above  tests  will  activate  the  warning 
status,  it  was  of  secondary  importance  and  warning  status  changes  may 
not  have  been  accurately  recorded  during  the  actual  UDM  warning  status 
test  phase.  This  test  focuses  primarily  on  exactly  when  the  warning 
status  turns  on  and  off. 

While  the  above  tests  are  extensive,  they  cannot  test  all  aspects  of  the 
UDM  microprocessor.  If  all  of  the  above  tests  are  performed  satisfactorily, 
one  can  have  a  high  level  of  confidence  that  the  gas  uptake  and  elimination 
logic  and  warning  status  logic  are  functioning  properly.  However,  the 
algorithm  uses  a  table  of  some  900  maximum  permissible  tissue  tension  (MPTT) 
values  and,  using  the  above  tests,  only  a  small  fraction  of  these  are  tested. 
Thus,  there  could  be  some  of  these  MPTT  values  which  have  been  improperly 
entered  which  will  remain  undetectable.  The  only  way  of  picking  up  this  type 
of  problem  is  to  have  a  method  of  actually  reading  the  microprocessor  memory. 
This  requirement  will  be  discussed  later. 


III.  EQUIPMENT  DESCRIPTION 


A.  U.S.  Navv  Specifications.  A  procurement  invitation  for  commercial 
development  of  a  diver  carried  underwater  decompression  monitor  was  solicited 
for  vendors  who  already  had  "production  or  near  production"  UDM  hardware.  The 
purchasing  concept  was  to  test  and  evaluate  commercially  available  UDMs  which 
when  successfully  tested  would  be  classified  "Approved  for  Navy  Use"  (ANU). 

The  unit  sought  was  a  small,  self  contained  unit  which  can  be  attached  to 
the  wrist  or  forearm  of  the  diver  by  velcro  fasteners,  and  capable  of  updating 
a  divers  decompression  status  every  2  seconds  using  algorithms  furnished  by 
the  government.  The  unit  must  display  information  necessary  to  safely 
decompress  the  diver  and  also  useful  information  for  dive  planning.  The 
displays  must  be  readable  in  turbid  water  to  a  distance  of  2  feet.  The  unit 
should  be  reasonable  easy  to  maintain.  A  list  of  hardware  specifications  is 
provided  below: 

1.  General : 

All  parts  to  meet  specifications  for  acceptability  aboard  nuclear 

submarines . 

2.  Case: 

Must  be  water-proof  and  dark  colored. 

Buoyancy  -  at  least  3  oz.  negative. 

Fasteners  -  fastens  to  wrist  or  forearm  with  Velcro  fasteners. 

Identification  -  color  to  differentiate  between  various  algorithm 
coding,  must  be  semi-permanent  for  change  if  unit  is 
programmed  with  different  algorithm.. 

Size  -  no  more  than  20%  larger  than  current  prototype,  as  follows: 

WRIST 


3.  Accuracy .  Banja,  and  Duration; 

Duration  -  12  hours  with  all  displays  on  and  fully  illuminated 
at  29-93#F. 

Depth  Range  Accuracy  -  0-230  FSW  ±  2  FSW  from  29-93*F. 

Naxiauu  Depth  -  500  FSW. 

4.  KifiraBiflCAiafli: 

External  input  -  depth  from  pressure  sensor. 

Calculation  Accuracy  -  greater  than  23  bit  fraction  floating  point. 

Clock  accuracy  -  less  than  1  second  deviation/hr  29-93°F. 

Memory  -  greater  than  3K  (current  estimate  of  maximum  program 
size). 

Reprogramable  or  replaceable  ROM  upon  disassembly. 

Display  output  available  from  edge  connector  on  circuit  board  for 
acceptance  testing  and  maintenance  (this  allows  accurate 
monitoring  of  all  display  functions  during  testing  without  having 
to  visually  check  all  units). 

5.  Displays ;  All  displays  under  -program  control. 

6.  Type*  Illuminated  background  LCD  continuously  on  with  system 
on/off  switch. 

7.  Display  Readouts  and  Lights:  LEDs  or  backlit  LCDs. 

Depth  -  in  feet  (3  digits). 

Safe  Ascent  Depth  (SAD)  -  2  digits  (100's,  10* s)  feet  (hundreds 
and  tens  digits  of  SAD  directly  under  hundreds  and  tens  digits  of 
DEPTH  readout). 

Total  time  of  dive  (4  digits)  hours,  minutes  (elapsed  time  since 
firet  excursion  below  3  FSW). 

Total  ascent  time  (4  digits)  hours,  minutes  (total  decompression 
time  required  from  current  depth  directly  to  the  surface). 

Time  at  stop  minutes  (2  digits)  (total  time  required  at  current 
stop  depth  until  SAD  decrements  to  next  shallower  stop) . 

Red  light  -  activated  if  1  FSW  or  more  shallower  than  SAD. 


Greta  light  -  to  indicate  algorithm  compliance  (safe  to  move). 
Battery  -  voltage  level  indicator. 

8.  Maintenance  Features! 

•  Battery  pack  replacement  or  rechargeable. 

•  Disassembly  of  electronics  from  case. 

•  Easy  replacement  of  ROM  (socketed). 

•  Pressure  transducer  threaded  to  accept  standard  fitting  (for 
external  pressurization) . 

•  Removable  plug  for  leak  checks.  (This  would  be  connected  to  a 
standard  fitting  so  that  the  interior  pressure  within  the  UDM 
could  be  monitored  while  pressurizing  the  UDM  in  a  chamber.  A 
pressure  gauge  attached  to  this  vent  line  external  to  the 
chamber  would  register  any  internal  UDM  pressure  increase,  thus 
signifying  a  leak  in  the  UDM  case.  This  allows  leak  checks 
without  the  risk  of  flooding  the  UDM  interior  with  water.) 

B.  Manufacturers .  Procurement  bids’ were  accepted  from  three 
manufacturers,  listed  as  follows: 

ORGA  Industries,  Inc. 

495  Bellevue  Road 

Diamond  State  Industrial  Park 

Newark,  DE  19713 

Divotronic  Instruments 
Aktiengesellschrafft 
Postfach  159,  FG  9494  Schaan 
Liechtenstein 

Tekna/S-Tron 

101  Twin  Dolphin  Drive 

Redwood  City,  CA  94065 

Six  prototype  units  were  received  from  each  manufacturer.  Testing  of  the 
Tekna  prototype  UDMs  was  not  complete  at  the  time  of  report  production. 
Evaluation  of  these  units  will  be  the  subject  of  another  report. 

C.  Functional  Specifications  Supplied  by  the  Manufacturer 

1.  ORCA  UDM.  The  ORCA  Prototype  UDM  is  a  modification  of  a 
commercially  available  product,  the  ORCA  "EDGE"  (Electronic  Dive  Guide). 
Primary  modifications  involve  inclusion  of  the  U.S.  Navy  EL-MK  15/16  RTA, 
modification  of  the  pressure  transducer  to  monitor  depth  to  230  FSW,  and 
changes  in  the  display  information  and  display  functioning  per  U.S.  Navy 
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specifications .  An  illustration  of  the  ORGA  Prototypo  UDH  is  provided  in 
Figure  1.  Actual  specifications  are  provided  below.  A  further  discussion  of 
actual  specifications  including  sn  unmanned  dry  human  factors  evaluation  is 
provided  as  Appendix  H. 

Case  Size:  rectangular  in  shape  measuring  18.3  cm(L)  x  7.4  cm(H)  x 
3.4cm(W). 

Case  Material:  anodized,  cast  aluminum  alloy 

Case  Color:  silver  polyurethane  paint  or  matte  black  powder  coat 
finish 

Straps:  Velcro*  12.1  x  40  cm.  Slotted  through  four  1.9  cm  long 
stainless  steel  pins  on  the  bottom  of  the  case 

Display  Screen  Size:  5.2  cm  x  4.3  cm,  covered  by  a  glass  face 
recessed  0.4  cm  below  front  edge  of  case 

Display  Lettering  Type/Size:  DOT  matrix  LCD,  0.8  cm(H)  x  0,5  cm(W), 
colored  black  on  a  grey  background 

Display  Information  Available:  total  time  of  dive  (hours :mlnutes), 
present  depth  (FSW),  safe  ascent  depth  (FSW),  time  at  stop 
(hours: minutes),  total  time  to  surface  (hours :minutes) 

Battery:  9  volt  alkaline 

Low  Battery  Indication:  blinking  asterisk  appearing  on  display 
changes  to  a  blinking  "B"  (on  for  one  second,  off  for  one  second) 

On/Off  Switch:  magnetic  flip-switch,  plastic,  4.1(L)  x  0.6(W)  x 
0.5  cm,  small  detent  with  nub  extending  out  0.1  cm  from  the  switch 
providing  a  friction  hold  device 

Weight:  757  grams  with  one  battery  and  two  wrist  straps  installed 

The  following  U.S.  Navy  specifications  were  not  provided  on  the  0RCA  UDM, 
as  detailed  in  a  letter  of  exception  from  the  manufacturer: 

Display  output  available  via  edge  connector  on  circuit  board. 

Removable  plug  for  leak  check. 

Display  backlighting;  manufacturer  claims  external  lighting  could  be 
designed,  or  internal  lighting  included  on  a  production  run. 

Pressure  transducer  threaded  to  accept  standard  fitting;  manufacturer 
claims  external  fitting  with  o-ring  seat  could  be  designed. 


Figure  1.  ORCA  Prototype  UDM 
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Red  light  violation,  green  light  compliance;  this  function  performed 
by  displaying  icons  on  the  display. 

Eprom  socketed  for  ease  in  changing  algorithm;  vacuum  solderer 
required  to  execute  this  function. 

2.  Divetronic  UDM.  The  Divetronic  UDM  is  a  modification  of  a 
commercially  available  product,  the  Divetronic  Decobrain  II.  Primary 
modifications  involve  inclusion  of  the  U.S.  Navy  EL-MK  15/16  RTA  and  changes 
in  the  display  information  and  display  functioning  to  meet  U.S.  Navy 
spec! fleet ions.  A  backlighting  switch  was  also  supplied  per  U.S.  Navy 
specifications.  An  illustration  of  the  Divetronic  Prototype  UDM  is  provided 
In  Figure  2.  A  comparative  illustration  of  the  Divetronic,  ORCA,  and  Tekna 
UDM  is  provided  in  Figure  3.  Actual  specifications  are  provided  below.  A 
further  discussion  of  actual  specifications  including  an  unmanned  dry  human 
factors  evaluation  is  provided  ra  Appendix  I. 

Case  Sizer  14.5  cm  wide  by  8  cm  tall  by  11  cm  deep 

Case  Material:  injection  molded  contoured  black  plastic 

Case  Color:  Black;  gray  display  face  molding 

Straps:  Two  rubber  straps  with  steel  buckles,  each  threaded  through 
two  stainless  steel  pins  in  the  case  body  used  to  connect  the  unit  to 
the  arm  of  the  user.  Straps  are  2.4  cm  wide  and  35  cm  long. 

Display  Window:  10.5  x  6.0  cm.  Total  time  of  dive,  depth,  and  total 
time  to  surface  are  three  separate  LCD  displays,  each  measuring  3.9  x 
1.3  cm.  Safe  ascent  depth  and  time  at  stop  are  two  separate  LCD 
displays  measurirg  1.9  x  1.3  cm. 

Display  Lettering  Tvpe/Size:  grey  display  face  label  containing 
graphics  of  various  colors  and  sizes  surrounding  five  liquid  crystal 
display  (LCD)  and  three  light  emitting  diodes  (LED) 

Display  Information  Continuously  Available:  total  time  of  dive 
(minutes),  present  depth  (FSW),  safe  ascent  depth  (FSW),  time  at  stop 
(minutes),  total  time  to  surface  (minutes) 

Battery:  five  rechargeable  NICAD  batteries  in  a  single  self-contained 
replaceable  power  pack.  Sliding  magnetic  switch  activates  display 
backlighting. 

Low  Battery  Indication:  all  LCD  lettering  blinks  on  and  off 

On/Off  Switch:  pull  and  turn  plastic  power  switch,  beige  in  color, 

4.1  cm  in  length,  protrudes  1.0  -»  1.2  cm  from  case,  spring  loaded 
positive  action  control 
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Weight t  2  lb*.  3  on,  (992.1  gram)  in  the  dry  with  batteries  and 
wrist  straps  installed. 

Ths  following  U.S.  Navy  specifications  were  not  provided  on  the  Divetronic 

UDMi 

Display  output  available  via  edge  connector  on  circuit  board. 

Raaiovable  plug  for  leak  check. 

Velcro  fasteners  to  attach  unit  to  users  forearm.  Rubber  straps  used 
instead. 

Battery  voltage  indication.  Rot  provided  when  submerged. 

Total  time  of  dive,  time  at  stop,  total  time  to  surface  provided  in 
hours  and  minutes.  This  display  information  provided  in  whole  minutes 
only. 

Prom  socketed  for  ease  in  changing  algorithms. 

Safe  ascent  depth'  display  in  2  digits  (100's,  10's);  display  only 
capable  of  showing  2  digits  (10* a,  l's). 

Green  light  compliance  feature  functional  per  U.S.  Navy  specifications. 

Depth  capability  0-230  FSW;  pressure  transducer  "pegs  out"  at  depths 
from  213  to  222  FSW. 

IV.  IBSI  ^EOCBDPBB 

UDM  testing  was  conducted  per  NAVSKA  Task  84-04.  Figure  4  illustrates  the 
test  equipment  set-up.  A  small  Bethlehem  1000  paig  unmanned  test  chamber  was 
used  to  pressurize  UDMs  to  depth.  Each  DDK  was  immersed  in  a  saltwater  bath 
in  which  glycol  was  added  to  prevent  freeze  up  during  cold  water  tests.  A 
Hewlett  Packard  (HP)  1000  K-aeries  computer  was  used  to  tabulate  test  data  and 
compare  UDM  algorithm  functioning  with  the  EL-MK  15/16  RTA  contained  within 
its  programming.  The  real  time  decompression  schedule  computed  by  the  HP  1000 
computer  using  the  MK  15/16  RTA  was  the  standard  to  which  UDM  profiles  were 
compared.  A  Heise  model  711a  digigauge  calibrated  within  ±  0.1X  of  span 
(1,000  FSW)  was  used  for  visual  monitoring  of  chamber  depth.  A  Validyne  model 
No.  CD23  digital  transducer  which  was  calibrated  against  the  Heise  digigauge 
was  used  to  supply  depth  readings  to  the  HP  1000  computer.  UDM  chamber 
temperature  was  monitored  throughout  the  test.  UDM  display  information  was 
monitored  either  visually  through  the  chamber  port  or  via  a  video  camera  with 
remote  display.  During  testing,  UDM  depth  and  SAD  information  was  manually 
entered  into  the  HP  1000  computer  via  a  modified  input  box  attached  to  the 
terminal  keyboard.  This  led  to  slight  inaccuracies  in  correctly  entering  all 
UDM  status  changes.  This  problem  would  be  eliminated  in  future  models  by 
requiring  an  interface  so  UDM  display  information  can  be  monitored  directly  by 
another  computer. 
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VOLTAGE  DEMODULATOR 
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Figure  4.  Test  Set  Up 
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LIKE  TV  MONITOR 
CONDITIONER 


A.  lilt  Elia-  Appendix  A  provide*  the  feat  plan  used  a*  a  guideline  for 
the  test  series.  UDM  testing  was  conducted  to  assess  pressure  transducer 
accuracy  and  stability,  and  profile  tracking  per  the  EL-MK  15/16  RTA.  A 
temperature  sensitivity  evaluation  was  conducted  by  running  the  pressure 
testing  at  29*  and  93*F.  Watertight  integrity  was  assessed  by  disassembling 
the  units  in  order  to  check  for  leakage  prior  to  and  at  the  conclusion  of  a 
500  FSW  and  230  FSW  watertight  integrity  test  and  at  any  time  that  a  unit 
failed  to  function.  A  human  factors  evaluation  was  conducted  to  assess 
readability,  display  functioning,  ease  of  operation,  and  buoyancy. 

1.  Teat  One:  Pressure  Transducer  Accuracy /Temperature  Sensitivity. 
Six  units  at  a  time  were  placed  in  the  Bethlehem  chamber  end  dove  to  230  FSW, 
stopping  at  10  FSW  Increments  for  as  long  as  required  to  manually  record  UDM 
depth  readings.  The  UDMs  were  immersed  in  a  saltwater  bath  in  which  glycol 
was  added  to  prevent  freete  up.  Each  unit  was  tested  in  this  manner  at  93*F 
and  29*F  water  temperature.  Six  dives  were  plotted  on  each  unit  at  each  water 
temperature.  UDM  depth  readings  were  compared  to  chamber  depth  to  assess 
pressure  transducer  accuracy.  Development  of  teat  procedures,  test  equipment 
set  up,  and  test  technician  training  required  work  up  dives  which  resulted  in 
more  than  six  dives  at  each  temperature  actually  being  conducted.  Actual 
number  of  dives  and  accumulated  dive  times  are  provided  in  the  results  section. 

2.  Teat  Two:  Long  Term  Stability/Temperature  Sensitivity.  Six 
units  at  a  time  were  placed  in  a  saltwater  bath  in  the  Bethlehem  chamber  and 
dove  to  230  FSW,  stopping  at  50  FSW  increments  for  30  minutes  and  230  FSW  for 
30  minutes.  UDM  depth  readings  were  recorded  at  the  beginning  and  end  of  each 
30  minute  stop.  Each  unit  was  tested  in  this  manner  at  93*F  and  29*F  water 
temperature.  Six  dives  were  plotted  on  each  unit  at  each  water  temperature. 
UDM  depth  readings  were  compared  to  chamber  depth  and  were  evaluated  for 
stability  during  the  30  minute  stops.  Development  of  test  procedures,  test 
equipment  set  up,  and  training  of  test  technicians  resulted  In  more  than  six 
dives  at  each  temperature  actually  being  conducted.  Actual  number  of  dives 
and  accumulated  dive  times  for  each  unit  are  provided  in  the  results  section. 

3.  Test  Three:  Battery  Duration.  Battery  duration  tests  were 
conducted  at  the  conclusion  of  pressure  transducer  and  profile  tracking  tests, 
and  Included  an  evaluation  of  the  low  battery  warning  function. 

a.  0RCA  UDM.  Three  battery  duration  tests  described  below  were 
conducted  on  four  of  the  0RCA  UDM  prototypes  due  to  disabled  displays  on  two 
units  prior  to  the  battery  test  phase.  Battery  testing  was  conducted  at  1 
ATA,  and  included  testing  of  both  the  olive  drab  BA-90  Eveready  Mil  Spec 
battery  and  standard  commercially  available  Duracell  MN1604  9  volt  alkaline 
battery.  The  0RCA  UDM  provides  a  low  battery  warning  by  a  blinking  "B"  on  the 
upper  right  hand  comer  of  the  display  (one  second  on,  one  second  off).  Low 
battery  warning  and  battery  depletion  times  were  rounded  off  to  the  nearest 
half  hour. 


(1)  Phase  I.  0RCA  UDM  battery  duration  test,  Eveready  BA-90 
battery.  Two  UDMs  were  tested  with  batteries  installed  immediately  after 
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removal  from  the  freezer.  Two  unite  were  tested  with  batteries  Maintained  at 
rooai  temperature  prior  to  installation.  Tinas  of  low  battery  indication  and 
battery  depletion  were  recorded.  Battery  depletion  always  resulted  in  a  blank 
display. 


(2)  Phase  II.  ORCA  UDM  battery  duration,  teat,  Durccell 
battery.  Two  UDMa  ware  tasted  with  batteries  which  were  installed  immediately 
after  removal  from  the  freezer.  Two  units  were  tested  with  batteries 
aaintained  at  room  temperature  prior  to  installation.  Tines  of  low  battery 
indication  and  battery  depletion  were  recorded. 

(3)  Phase  III.  ORCA  UDM  battery  duration  test,  freezing 
conditions.  Two  unit*  with  unfrozen  (room  temperature)  BA-90  Rveready 
batteries  installed  and  two  units  with  unfrozen  Duraceil  batteries  installed 
wera  turned  on  and  placed  in  a  freaser  at  10*F  until  battery  depletion 
occurred.  Tines  of  low  battery  indication  and  battery  depletion  were  recorded. 

b.  Divetronic  UDM.  A  alngle  Divetronic  UDM  (889)  suffered  a  SAD 
display  failure  prior  to  the  battery  duration  test  phase,  but  still  provided  a 
low  battery  warning  and  other  display  functioning  which  allowed  this  unit  to 
oe  tested  for  battery  duration  along  with  the  other  five  Dlvetronic 
prototypes.  A  total  of  five  different  tests  as  described  below  were 
conducted,  Testing  was  conducted  at  1  AXA,  except  for  Phaae  II,  which 
included  an  initial  dive  to  15  FSW  for ‘24  hours,  and  Phase  III,  which  included 
multir^le  short  dives.  Testing  Included  backlighting  on  and  backlighting  off, 
as  well  as  4  hour  and  5  hour  charge  tines,  and  various  intervals  between 
charging  and  power  activation.  Phase  V  evaluated  battery  duration  in  freezing 
conditions.  The  Divetronic  UDM  provldee  a  low  battery  warning  by  blinking  all 
LCD  numerals  on  the  display.  Tines  of  low  battery  indication  and  battery 
depletion  were  rounded  off  to  the  nearest  half  hour. 

(1)  Phase  I.  Backlight  on  battery  duration  test,  power 
activation  24  hours  after  charge.  All  units  were  drained  of  power  and  charged 
for  5  hours.  Twenty-four  hours  had  elapsed  after  charging  prior  to  starting 
the  teat.  Power  ana  lighting  were  left  on  continuously  and  the  units  observed 
for  low  battery  warning  indication  and  power  depletion.  Battery  packs  were 
considered  depleted  upon  observation  of  obviously  incorrect  display  data, 
erratic  display  information,  or  blank  display.  Elapsed  times  to  battery 
warning  and  battery  depletion  were  recorded. 

(2)  Phase  II.  Backlight  off  battery  duration  test,  power 
activation  24  hours  after  charge.  All  units  were  drained  of  power  and  charged 
for  5  hours.  Twenty-four  hours  had  elapsed  after  charging  prior  to  starting 
the  test.  Power  was  turned  on  hut  backlighting  was  not  activated,  and  all 
units  were  observed  for  low  battery  warning  indication  and  power  depletion. 
Elapsed  times  were  recorded. 

(3)  Phase  III.  Backlight  off  battery  duration  test,  power 
activation  72  hours  after  charge.  All  units  were  drained  of  power  and  charged 
for  5  hours.  Seventy-two  hours  had  elapsed  after  charging  prior  to  starting 
the  test.  Elapsed  time  to  low  battery  warning  and  power  depletion  were 
recorded. 
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(5)  Phase  V.  Backlight  off  low  temperatur  ;  y*v*a yar.  tion 
test.  All  units  were  drained  of  power  and  charged  for  4  hoi  *.  ty-'mr 

hours  had  elapsed  after  charging  prior  to  starting  the  test,  v  .i  h  z\l 

units  were  placed  in  a  freezer  at  10#F  until  power  depletion 
Elapsed  tines  to  low  battery  warning  and  battery  depletion  wer<*  ..  nv.  • 

4.  Test  Four:  Profile  Tracking.  If  the  UDM  pressure  trac^ww,  ■■■? 
monitors  the  sane  depth  as  the  Hewlett  Packard  (HP)  1000  M-series  comciur, 
the  UDM  decompression  schedule  should  be  the  same  as  th?  HP  1000  uecouprr;  <aicn 
schedule,  provided  the  UDM  had  been  programmed  correctly.  This  test  was 
designed  to  determine  whether  any  deviations  which  occurred  were  the  resul  of 
programming  errors  rather  than  pressure  transducer  depth  inaccuracies. 

In  order  to  confirm  that  the  UDM’s  had  been  correctly  programmed,  the  UDM 
depth  and  the  depth  monitored  by  the  HP  1000  computer  had  to  be  exactly  the 
same.  Since  depth  errors  of  up  to  4  FSW  were  noted  during  prtseu?*  yra'^duct. 
accuracy  testing,  a  modification  to  the  test  procedure  had  to  be  v.d  so  t*  i'.- 
the  UDM  and  HP  1000  depth  coincided.  This  was  done  by  adjuring  the  Va  it  dyne 
pressure  transducer  so  that  the  HP  depth  was  the  same  as  UDM  depth,  tin?* 
both  UDM  depth  and  SAD  had  to  be  manually  entered  into  the  HP  1000,  oai.’.  ne 
UDM  could  be  terted  at  any  given  time,  simply  because  the  technicians  cov'd 
not  keep  track  of  any  more.  The  time  required  to  complete  this  phase  of 
profile  tracking  was  therefore  lengthened  considerably. 

Manual  adjustment  of  the  Validyne  digital  transducer  and  manual 
programming  of  UDM  depth  and  SAD  information  into  the  HP  10CO  computer  during 
dive  conduct  resulted  in  a  variable  level  of  human  error  which  Impacted  on  the 
precise  accuracy  of  test  results.  Technician  error  was  kept  to  minimum  by 
careful  training  and  by  utilizing  two  technicians  on  each  dive  wh<r.  required, 
especially  during  long  or  deep  dives.  When  noticeable  humen  ertoi  occurred 
which  adversely  effected  test  data  accuracy,  the  dive  was  fborttd  and 
restarted.  Aborted  dives  also  occurred  during  the  pressu:*:-  t.rauniuuer  test, 
phase,  and  resulted  in  considerably  more  hours  being  logged  on  each  UDM  than 
the  test  data  enclosed  in  this  report  indicates.  Aborted  dives  increased  the 
time  required  to  complete  testing,  but  resulted  in  an  improved  evaluation  of 
UDM  reliability  under  long  term  handling  and  repeated  pressurization.  The 
element  of  human  error  will  continue  to  be  a  factor  which  effects  the  precise 
accuracy  of  UDM  testing  until  a  method  of  direct  interrogation  of  UDM 
programming  is  developed.  Overall,  manual  programming  of  test  data  as  was 
done  in  this  test  series,  while  time  consuming,  is  considered  to  be 
sufficiently  accurate  to  document  UDM  performance  with  a  reasonable  degree  of 
reliability,  as  indicated  by  the  consistency  and  repeatability  of  test 
results.  However,  an  accurate  and  reliable  method  of  monitoring  UDM  display 
functioning  will  have  to  be  provided  for  checking  fleet  issued  UDM’s  on  a 
periodic  basis. 


(4)  Phase  IV.  Backlight  off  battery  duraf 
activation  120  hours  after  charge.  All  units  were  drained 
charged  for  4  hours.  Manufacturers  recommended  charge  tim< 
A  4  hour  charge  time  coupled  with  120  hours  elapsed  time  f 
to  test  start  up  was  conducted  to  evaluate  these  two  worst 
Elapsed  times  to  low  battery  warning  and  battery  depletion 
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Dive  profiles  which  involved  decompression  followed  the  profiles  as 
computed  by  the  UDM's.  In  many  casec  this  required  ascent  to  the  next 
shallower  decompression  stop  or  to  the  surface  sooner  than  would  be  allowed  by 
the  HP  1000  computer  (EL  MK  15/16  ETA)  decompression  schedule.  As  long  as  the 
algorithm  is  computing  a  decompression  schedule  for  a  constant  0.7  ATA  PO2 
breathing  gas,  the  rate  of  gas  elimination  will  be  independent  of  depth.  Thus 
even  though  the  HP  1000  SAD  was  deeper  or  shallower  than  the  actual  depth 
during  decompression,  the  time  to  the  next  SAD  decrement  (stop  time  for  the 
next  shallower  stop)  would  be  unaffected.  This  meant  that  the  standard 
profile  to  which  the  UDM  was  being  compared  was  unaffected  and  remained 
unchanged  to  the  surface. 

Warning  status  was  recorded  during  all  of  the  profile  tracking  test  as 
well  as  during  tests  which  focused  primarily  on  warning  status  changes.  This 
gave  a  more  comprehensive  evaluation  of  warning,  status  functioning. 

The  following  profile  tracking  tests  were  conducted: 

a.  Repetitive  No  Decompression  Dives.  When  a  diver  is  using  the 
UDM,  there  may  be  occasions  when  he  may  be  at  the  surface  breathing  air  for 
various  periods  of  time.  In  order  to  provide  for  surface  intervals  breathing 
air,  the  algorithm  assumes  a  PO2  of  .21  ATA  whenever  the  depth  is  less  than 
3  FSW.  If  a  diver  should  breathe  his  MK  15  MOD  0  UBA  while  on  the  surface, 
this  would  not  be  a  problem  because  the  PO2  in  the  breathing  gas  of  the  UBA  is 
higher  than  that  being  assumed  by  the  algorithm.  Once  the  depth  increases 
below  3  FSW,  the  algorithm  assumes  the  PC2  is  .7  ATA.  The  repetitive  dive 
test  is  designed  to  evaluate  the  UDMs  switch  from  PO2  of  .7  ATA  to  a  PO2  of 
.21  above  3  FSW  ’s  well  as  to  evaluate  UDM  repetitive  no  decompression  dive 
profile  tracking  accuracy.  This  test  also  provided  data  on  single  no 
decompression  dives,  therefore  a  separate  test  series  on  single  no 
decompression  dives  was  not  conducted.  The  test  profiles  are  as  follows: 


(1) 

60  FSW 

No  Decompression 

1  Hour 

Interval  at  2  FSW 

120  FSW 

No  Decompression 

(2) 

60  FSW 

No  Decompression 

1  Hour 

Interval  at  5  FSW 

120  FSW 

No  Decompression 

Each  unit  was  tested  once  on  each  of  the  above  profiles  at  29°F  water 
temperature.  UDM  depth  and  SAD  values  were  manually  entered  into  the  HP  1000 
computer  throughout  the  dive  for  p.  comparison  of  UDM  algorithm  functioning  to 
the  EL  MK  15/16  RTA  programmed  into  the  HP  1000  computer. 

b.  Decompression  Dives.  Each  unit  was  tested  on  each  of  the 
profiles  listed  below  at  29aF  water  temperature.  Each  unit  was  also  tested  on 
profile^  (1)  at  93°F.  UDM  depth  and  SAD  values,  as  well  as  warning  statur 
functioning  information  was  manually  entered  into  the  HP  1000  computer 
throughout  the  dive  for  a  comparison  of  UDM  algor itha  functioning  to  the 


EL  MK  15/16  KTA  programmed  into  the  HP  1000  computer.  Although  175  FSW  is 
deeper  than  would  be  dove  operationally,  the  175/60  profile  was  tested  because 
it  uses  most  of  the  MPTT  values  in  the  algorithm. 

(1)  175  FSW  60  Minutes 

(2)  150  FSW  30  Minutes 

c.  Repetitive  Decompression  Dives.  UDM  depth,  SAD  and  warning 
status  information  is  charted  in  the  same  manner  as  previous  profile  tracking 
tests.  Each  unit  was  tested  on  the  following  profile  at  29°F  water 
temperature. 

(1)  150  FSW  30  Minutes 
1  Hour  Surface  Interval 
150  FSW  30  Minutes 

d.  Warning  Status  Test.  The  warning  status  test  originally 
planned  as  described  in  the  test  protocol  in  Appendix  A-l  proved  to  be 
unworkable.  The  test  was  modified  as  follows: 

Descend  to  150  FSW  60  minutes.  Enter  time  UDM  SAD  flashes 

into  HP  1000  computer. 

Decompress  to  30  FSW  Enter  time  SAD  secures  flashing  on  UDM 

into  HP  1000  computer.  Verify  that 
HP  1000  computer  warning  status 
indication  is  off. 

Descend  until  UDM  SAD  resumes  flashing  and  HP  1000  computer 

warning  status  is  activated.  Dc  not  exceed  a  maximum  depth  of  150 

FSW.  Enter  time  UDM  SAD  flashes  and  verify  that  HP  1000  warning 

status  is  activated. 

Ascend  to  surface,  skipping  all  decompression  stops. 

UDM  depth,  SAD,  and  warning  status  information  is  charted  in  the  same 
maimer  as  previous  profile  tracking  tests.  This  test  was  conducted  at  29°F 
water  temperature. 

5.  Test  Five:  Mud  Test.  Black,  sandy  mud  was  obtained  from  a  slough 

which  had  its  outlet  at  the  Naval  Coastal  Systems  Center,  Panama  City, 

Florida.  By  ultraviolet  examination,  it  was  determined  that  the  mud  was 
oil-free.  All  six  Divetronic  units  were  completely  submerged  in  this  mud  for 
A3  hours  prior  to  pressuring  the  units  to  a  depth  of  158  FSW  for  1  hour  40 
minutes  in  order  to  "pack"  the  pressure  transducer.  None  of  the  units  were 
turned  on  at  this  time.  Immediately  prior  to  the  test,  the  UDM  displays  were 
cleaned  without  affecting  the  condition  of  the  pressure  transducers.  The 
units  were  then  turned  on  and  dove  to  a  depth  of  240  FSW  at  20  foot  increments 
to  evaluate  pressure  transducer  accuracy  at  ambient  temperature. 
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6.  Test  Six:  500  FSW  Watertight  Integrity  Test.  Five  Divetronic 
units  and  three  Orca  units  were  opened  and  checked  for  any  leakage  which  may 
have  occurred  from  previous  testing.  Two  Divetronic  units  and  one  ORCA  unit 

were  then  submerged  in  water  and  compressed  in  a  Bethlehem  chamber  to  a  depth  / 

of  230  FSW  for  24  hours.  Three  Divetronic  units  and  two  ORCA  units  were  7 

compressed  to  a  depth  of  500  FSW  for  24  hours.  Upon  dive  completion  those 
units  which  continued  to  provide  display  information  were  dove  to  a  depth  of 
220  FSW  stopping  at  20  FSW  increments  on  descent  and  ascent  to  evaluate 
pressure  transducer  accuracy  and  display  functioning.  All  units  were  then 
disassembled  and  checked  for  water  leakage. 

7.  Test  Seven:  Four  Foot  Drop  Test.  Five  Divetronic  units  and  one 
Orca  unit  which  had  survived  previous  testing  and  had  beer,  opened  and  checked 
for  any  leakage  or  damage  which  may  have  occurred  from  the  500  FSW  watertight 
integrity  test  were  dropped  on  a  concrete  floor  at  different  angles  from  a 
height  of  4  feet.  All  units  were  then  examined  for  obvious  damage  to  the  case 
or  display,  and  were  subjected  to  the  following  dive  profile: 

60  FSW  No  Decompression 

1  Hour  Surface  Interval 

120  FSW  No  Decompression 

An  evaluation  of  depth  and  profile  tracking  accuracy  from  the  repetitive 
no  decompression  dive,  as  well  as  an  internal  inspection  for  damage  or 
leakage,  provided  data  on  any  damage  which  may  have  occurred  to  UDM 
functioning  as  a  result  of  the  impact. 

This  test  was  the  final  phase  of  the  evaluation.  One  Divetronic  unit 
(795)  had  previously  experienced  a  floodout  resulting  from  a  cracked  case 
during  an  operational  dive  following  the  10°F  battery  duration  test. 

Therefore  only  five  operable  Divetronic  units  were  submitted  to  the  four  foot 
drop  test.  One  of  these  units  (889)  had  experienced  a  SAD  display  failure 
from  previous  testing  which  limited  test  data  results,  however  this  uni*.  was 
still  submitted  to  the  test  to  evaluate  depth  and  display  functioning,  as  well 
as  watertight  integrity  after  having  been  dropped.  Two  ORCA  units  had 
previously  experienced  display  failures,  one  ORCA  unit  experienced  pressure 
transducer  problems  and  stripped  case  threads  during  a  leak  check,  and  two 
units  leaked  during  test  six,  watertight  integrity  test.  All  six  ORCA  units 
were  dropped  from  a  four  foot  height  but  only  one  was  submitted  to  the 
follow-up  dive  to  evaluate  functioning. 

V.  TEST  RESULTS 

A.  ORCA  UDM.  During  Long  Term  Stability  Testing  (Test  Two),  UDM  1172  and 
1170  failed  to  track  depth  accurately.  Unit  1172  displayed  13  FSW  at  a  depth 
of  40  FSW,  and  decayed  to  4  FSW  over  a  two  hour  period.  Unit  1170 
consistently  displayed  195  FSW  at  a  depth  of  200  FSW.  This  occurred  after 
approximately  40  dives  on  each  unit  at  depth  ranges  from  0  to  250  FSW  at 
temperatures  from  29*F  to  93°F.  Accumulated  dive  time  was  in  excess  of  70 
hours  on  each  unit.  These  units  were  returned  to  the  manufacturer  for 
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evaluation  and  repair.  The  transducer  oil  had  blown  by  the  seals  tinder  the 
influence  of  high  pressure.  It  was  initially  felt  that  this  may  have  occurred 
because  the  initial  work  up  dives  on  the  ORCA  UDM  were  conducted  to  a  maximum 
depth  of  250  FSW,  whereas  the  U.S.  Navy  specification  is  230  FSW  depth  range 
(watertight  to  500  FSW).  ORCA  Industries,  Inc.  informed  NEDU  that  a 
transducer  oil  refill  may  be  required  whenever  a  depth  of  230  FSW  is  exceeded, 
and  this  is  a  simple  operation  which  could  be  performed  by  U.S.  Navy 
personnel.  Although  ORCA  had  originally  indicated  in  writing  that  a  test 
depth  of  250  FSW  would  be  satisfactory  and  a  factory  test  to  this  depth  had 
been  conducted  prior  to  providing  these  units  to  NEDU,  a  maximum  test  depth  of 
230  FSW  was  recommended  by  the  manufacturer  after  failure  of  units  1172  and 
1170.  The  manufacturer  also  indicated  that  the  transducer  blow  by  threshold 
could  be  increased  on  a  production  model  so  that  minor  over-pressurization 
would  not  cause  the  pressure  relief  feature  to  activate,  and  this  would  not 
effect  the  overall  functioning  of  the  unit. 

Testing  of  the  repaired  units  (1172  and  1170)  was  restarted  from  the 
beginning  of  the  test  phase,  rerunning  the  Pressure  Transducer  Accuracy  Test 
(Test  One)  and  Long  Term  Stability  Test  (Test  Two)  to  a  maximum  depth  of  230 
FSW.  No  leak  problems  or  pronounced  depth  inaccuracies  occurred  on  the 
repaired  units  when  resubmitted  to  Test  One.  During  Long  Term  Stability 
Testing  (Test  Two),  Unit  1172  continued  to  function  similarly  to  the  units 
which  had  not  previously  failed  and  successfully  completed  this  phase  of 
testing.  Unit  1170  was  eventually  to  experience  tracking  errors  of  up  to  6 
FSW  in  some  cases,  and  finally  failed  all  together,  along  with  units  1171  and 
1173.  These  three  units  were  disassembled  after  failure.  Upon  examination  of 
the  internal  components  it  appeared  that  the  transducer  oil  had  leaked  on  all 
three  units.  Additionally,  water  had  leaked  into  unit  1170,  causing  corrosion 
of  the  electronics.  It  is  suspected  that  these  leaks  occurred  through  the 
pressure  transducer  cavity.  The  test  results  discussed  in  the  following 
paragraphs  discuss  the  performance  of  the  two  units  (1172  and  1170)  after 
being  returned,  repaired  and  resubmitted  for  testing  from  the  beginning  of 
Test  One,  as  well  as  the  four  units  which  did  not  fail  during  initial  testing 
(0107,  1171,  1173,  and  1190). 

1.  Pressure  Transducer  Accuracy /Temperature  Sensitivity  Tests, 
Appendix  B  provides  test  results  for  pressure  transducer  accuracy  dives  at 
29°F  and  93#F  water  temperature.  Each  test  dive  required  between  35  minutes 
to  one  hour  30  minutes  dive  time.  Examination  of  the  data  indicates  that  the 
ORCA  UDMs  were  normally  accurate  to  within  ±  2  FSW  to  a  depth  of  230  FSW,  but 
occasionally  deviated  as  much  as  ±  3  FSW.  Depth  readings  with  an  error  in 
excess  of  3  FSW  occurred  only  on  unit  1170,  which  later  went  completely  blank 
during  long  term  stability  testing. 

Overall,  inaccurate  depth  readings  displayed  a  shallower  depth  slightly 
more  often  than  a  deeper  depth.  Inaccurate  depth  readings  were  somewhat  more 
prevalent  on  the  deeper  depth  ranges,  but  occurred  throughout  the  depth 
spectrum.  The  UDMs  were  slightly  more  accurate  on  ascent  than  descent,  and 
performed  somewhat  better  at.  93°F  than  29°F.  All  UDMs  read  zero  when  on  the 
surface. 
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During  29*F  test  units  were  generally  within  ±2  FSW.  Maximum  deviation 
was  3  FSW  and  deviation  was  usually  deeper  than  true  depth  except  for  unit 
0107  at  180  FSW  and  below  where  it  was  shallower  (Figure  B6). 

During  93*F  tests  only  two  units  did  not  fall  within  the  ±2  FSW 
specification.  Unit  1171  failed  (read  0)  on  dives  #2  through  #5  but  returned 
to  proper  functioning  on  dive  #6.  Failure  on  dive  #2  occurred  after 
approximately  25  dives.  Accumulated  dive  time  was  in  excess  of  30  hours. 

Decay  is  noticeable  on  UDM  1170  during  ascent  on  dive  #5  and  #6  after 
approximately  30  dives,  accumulated  dive  time  of  approximately  37  hours. 

These  two  units  were  later  found  to  have  leaked  transducer  oil  and  water 
inside  the  case.  It  is  apparent  that  when  units  were  working  depth  tracking 
was  satisfactory. 

2.  Long  Term  Stability /Temperature  Sensitivity  Tests.  Appendix  C 
(Figures  C1-C12)  provides  test  results  for  long  term  stability  dives  at  29°F 
and  93°F  water  temperature.  Each  table  shows  the  depth  reading  at  the 
beginning  and  end  of  each  30  minute  stop  at  the  Indicated  depth.  Unit  1170 
(during  dive  #1  at  93*F,  Figure  C7),  1171  (during  dive  #2  at  93°F,  Figure  C8), 
and  1173  (during  dive  #3  at  93*F,  Figure  C9)  began  to  show  signs  of  decay,  and 
finally  went  blank  during  test  6  at  93*F.  Unit  0107  went  blank  during  the 
latter  part  of  dive  5  at  93°F,  but  performed  acceptably  on  dive  6. 

Test  results  shown  in  Figures  Cl  through  C12  provides  the  results  of  Long 
Term  Stability  Tests  (Test  Two)  on  units  1172  and  1170  after  factory  repair 
and  retesting  of  Test  One  (Pressure  Transducer  Accuracy  Testing),  and  test 
results  of  units  0107,  1171,  1173,  and  1190  which  had  not  previously  failed 

except  for  unit  1171  which  returned  to  acceptable  functioning  during  Test  One 

and  was  not  factory  repaired.  Unit  1170  failed  again  during  this  test. 

Examination  of  the  data  on  those  three  units  which  did  not  fail  during 
this  test  shows  that  depth  readings  did  not  vary  more  than  ±  1  FSW  during  the 
30  minute  hold  at  each  depth  increment.  Depth  accuracy  was  normally  within 
±  2  FSW  to  a  maximum  depth  of  230  FSW,  but  sometimes  varied  as  much  as  ±  3  FSW 

except  for  unit  1190  which  varied  from  -4  to  -7  FSW  on  four  dives  at  a  chamber 

depth  of  230  FSW  only.  Depth  accuracy  was  generally  much  the  same  as  was 
found  in  Test  One.  Unit  1172  read  3  FSW  deeper  when  out  of  the  ±2  FSW 
specification.  Unit  0170  read  3  FSW  deeper  in  this  test  (Figure  C2),  but  3 
FSW  shallower  in  Test  One. 

It  is  apparent  that  when  units  functioned,  depth  tracking  accuracy  was 
acceptable,  however,  multiple  leaks  and  pressure  transducer  failures  indicate 
low  mechanical  reliability  in  the  present  configuration,  when  tested  to  the 
230  FSW  depth  range. 

3.  Profile  Tracking  Tests.  Profile  tracking  tests  and  warning  status 
tests  were  not  conducted  on  the  0RCA  UDM  due  to  failure  of  three  units  prior 
to  these  phases  of  testing.  It  was  apparent  that  the  number  of  failures  which 
had  occurred  during  the  initial  phase  of  testing,  as  well  as  the  failure  of 
the  unit  to  meet  several  important  U.S.  Navy  specifications  would  require 
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several  design  modifications.  These  modifications  should  be  incorporated 
prior  to  the  major  investment  in  man  hours  and  test  equipment  that  are 
required  to  conduct  the  profile  tracking  tests.  Battery  duration  tests, 

500  FSW  watertight  integrity  tests,  and  four  foot  drop  test  were  conducted  on 
the  remaining  units. 

4.  Battery  Duration  Evaluation 

a.  Phase  I.  BA-90  Eveready  carbon-zinc  Mil  Spec  battery. 

Elapsed  times  to  lov  battery  warning  indication  and  battery  depletion  are 
provided  below.  Units  1171  and  1172  utilized  batteries  taken  directly  from 
the  freezer.  Units  0107  and  1190  utilized  unfrozen  batteries.  Elapsed  times 
are  rounded  off  to  the  nearest  half  hour. 
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The  low  battery  warning  function  provided  warnings  from  1.5  to  6  hours 
prior  to  battery  depletion,  vith  an  average  from  the  four  units  tests  of  4.38 
hours.  Battery  durations  ranged  from  24.5  to  36  hours,  vith  an  average  from 
the  four  units  tested  of  28.5  hours.  Units  utilizing  batteries  taken  directly 
from  the  freezer  experienced  slightly  reduced  battery  duration  times. 

The  manufacturer  recommends  alkaline  batteries  for  use  in  the  ORCA  UDM. 
BA-90  Nil  Spec  batteries  were  evaluated  due  to  their  common  availability  at 
fleet  diving  commands.  These  batteries  provided  substantially  reduced 
duration  times  compared  to  the  Duracell  alkaline  batteries. 

b.  Phase  II.  Duracell  Alkaline  MN  1604  battery.  Elapsed  times 
to  low  battery  warning  indication  and  battery  depletion  are  provided  below. 
Units  1171  and  1172  utilized  batteries  taken  directly  from  the  freezer.  Units 
0107  and  1190  utilized  unfrozen  batteries. 
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The  low  better?  warning  function  provided  warnings  from  9.5  to  27.5  hours 
prior  to  battery  completion,  with  an  average  from  the  four  units  tested  of 
15.13  hours.  Battery  durations  ranged  from  75.5  to  89.5  hours,  with  an 
average  from  the  four  units  tested  of  82.5  hours. 

c.  Phase  III.  Duracell  alkaline  and  Eveready  Mil  Spec  battery 
duration  under  freezing  conditions.  BA-90  Eveready  Mil  Spec  batteries  were 
installed  in  units  1171  and  1172,  and  MR  1604  Duracell  Alkaline  9  volt 
batteries  were  installed  in  units  0107  and  1190.  Batteries  and  UDMs  were 
maintained  at  room  temperature  prior  to  power  activation,  at  which  time  they 
vere  placed  in  a  freezer  at  10*F  until  battery  depletion.  All  units  were 
checked  6  hours  after  being  placed  in  the  freezer  and  it  was  found  that  units 
1171  and  1172  had  failed.  Units  0107  and  1190  failed  after  10  hours.  It  is 
evident  that  the  10*F  air  temperature  adversely  affects  battery  output  in  both 
battsry  types,  which  might  be  a  concern  during  subfreezing  surface  intervals 
between  repetitive  dives  during  which  the  UDM  is  not  thermally  protected,  or 
during  conditions  of  cold  predive  temperatures.  All  units  were  turned  off  for 
a  24  hour  warming  period  at  room  temperature,  after  which  unit  0107  and  1190 
failed  to  reactivate  when  turned  on.  Unit  1172  reactivated  for  a  period  of  1 
b-  r.  Unit  1171  reactivated  for  a  period  of  2  hours. 

UDM  operability  at  10*F  temperatures  is  not  a  U.S.  Navy  specification, 
however  this  environmental  extreme  can  occur  during  U.S.  Navy  operational 
use.  Predive  and  surface  Interval  temperatures  in  a  cold  climate  can  be  even 
more  severe  than  the  10*F  test  represents,  if  the  UDM  is  not  thermally 
protected.  Discussions  with  Duracell,  Inc.  indicates  cold  temperatures  may 
tempore  xly  reduce  voltage  levels  somewhat,  but  determination  of  the  degree  of 
voltage  level  drop  would  require  testing  under  specific  loads  and  temperatures 

i  should  be  noted  that  a  new  battery  can  be  installed  in  the  0RCA  UDM 
witi'-  losing  the  memory  from  preceding  dives.  An  auxiliary  battery  clip  is 
provi  A  for  this  purpose.  Battery  changes  must  be  conducted  on  the  surface 
in  a  environment. 

5.  500  FSW  Watertight  Integrity  Test.  0RCA  UDM  1171  was  exposed  to  a 

depth  ot  .30  FSW  for  a  24  hour  period  and  units  1190  and  1172  were  exposed  to 
a  depth  o i  500  FSW  for  a  24  hour  period.  Unit  1171  was  found  to  be  flooded 
upon  d:‘  surfacing.  The  location  of  the  leak  was  not  apparent.  The  severity 
of  the  txoodout  and  the  fact  that  the  floodout  occurred  at  a  depth  which  was 
common  to  previous  testing  raises  suspicions  as  to  the  reassembly  procedures 
applied  to  the  UDM  after  checking  for  leakage  prior  to  the  dive. 

Disassembly  of  the  electronics  case  voids  the  warrenty  on  the  0RCA 
commercial  sport  diving  unit,  however  periodic  disassembly  may  be  required  for 
a  Navy  unit  in  order  to  check  for  leaks  (a  leak  check  plug  was  not  provided 
per  U.S.  Navy  specifications),  and  conceivably  to  change  algorithms  (a 
socketed  PROM  for  ease  in  changing  algorithm  is  also  a  U.S.  Navy 
specification) . 

Unit  1172  was  found  to  have  suffered  from  slight  leakage,  and  it  is 
suspected  that  these  leaks  occurred  through  the  pressure  transducer  cavity. 
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Ihla  problem  vu  experienced  on  other  ORCA  units  during  previous  testing.  The 
•light  leakage  resulted  in  electronics  contsmination  (salt  vater  corrosion) 
and  display  failure.  Even  very  alight  leaks  which  result  in  water  contacting 
the  electronics  created  very  rapid  electronics  corrosion  when  the  unit  is 
powered  up,  normally  resulting  in  display  failure.  Units  1190  survived  the 
500  FSW  dive  and  was  then  successfully  tested  for  pressure  transducer  accuracy 
and  display  functioning  at  20  FSW  intervals  during  descent  and  ascent  to  a 
depth  of  220  FSW.  Test  results  provided  below  show  similar  functioning  to  the 
pressure  transducer  test  aeries  (Appendix  B). 
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6.  Four  Foot  Drop  Test.  The  single  functioning  ORCA  UDM  (unit  1190) 
remaining  from  previous  testing  was  dropped  from  a  height  of  four  feet:  on  a 
concrete  floor,  impacting  on  the  display  face  side  of  the  unit.  The  unit  was 
then  submitted  to  a  60  FSW  no  decompression  dive,  one  hour  surface  interval, 
and  120  FSW  repetitive  no  decompression  dive,  and  was  found  to  function 
acceptably,  accurately  monitoring  depth,  no  decompression  time,  and  dive 
time,  display  information  was  clear  and  no  damage  to  the  case  or  display  face 
was  found  after  careful  examination.  Ho  leaks  occurred  during  the  dive. 
Profile  tracking  tests  were  not  conducted  on  the  ORCA  UDM  prior  to  this  test. 
Unit  1190  proved  to  be  correctly  programmed  during  this  dive,  on  the  profile 
indicated  above. 

7.  Display  Functioning  and  External  Hardware.  Figure  5  provides;  a 
drawing  of  the  ORCA  UDM  display  layout.  Appendix  H  provides  further 
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Figure  5.  ORCA  UDM 
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illustrations  of  external  hardware.  U.S.  Navy  specifications  required  a  UDM 
display  layout  which  departs  from  the  ORCA  commercial  sport  diving  model. 
Graphics  were  eliminated  except  for  an  ORCA  (killer  whale)  pattern  which 
appears  as  soon  as  the  unit  is  turned  on.  On  the  lower  left  hand  corner  the 
number  N1  appears,  signifying  the  Navy  program  designation.  Several  seconds 
after  tuning  the  unit  on  the  display  proceeds  to  a  blinking  checkerboard 
patten.  The  UDM  performs  a  self-check  function  during  this  time. 

Display  labeling  is  removed  from  under  the  display  glass  and  replaced  with 
a  typed  label  which  was  epoxied  to  the  case.  During  the  lengthy  period  of 
testing  these  labels  separated  from  the  case,  however  the  manufacturer 
Indicated  that  for  production  run  models  the  display  labels  could  be  printed 
on  the  case  or  under  the  display  glass.  Display  layout  is  provided  as 
follows,  initiating  after  the  checkerboard  patten  and  self-check  function  are 
complete : 


Dive  Time  /  B 
Depth  /  Stop  Depth 
Stop  Time 

TTS 

Note  (1):  B  »  battery  waning  (blinking  asterisk  which  signifies 
proper  operation  changes  to  a  flashing  "B"  to  indicate  low  battery) 

Note  (2):  TTS  *  total  time  to  surface 

Note  (3):  displays  update  every  2  seconds 

Maximum  depth,  dive  time/surface  interval  time  displays  provided  during 
surface  interval,  remaining  no  decompression  time,  and  temperature  displays 
are  provided  on  the  ORCA  commercial  unit  but  were  removed  for  the  U.S.  Navy 
prototype  because  these  displays  were  not  required  by  U.S.  Navy  specifications 

a.  Stop  Depth  and  Stop  Time  Display  Displays.  When  a  10  FSW 
decompression  stop  is  incurred,  the  "stop  depth"  display  changes  from  ”0"  to 
"10"  and  the  "stop  time"  display  changes  from  "0:00"  to  "0:01"  and  begins 
counting  up  the  increasing  amount  of  time  the  diver  must  remain  at  the  10  FSW 
decompression  stop  in  whole  minutes.  The  "stop  time"  display  restarts  from 
"0:01”  each  time  a  deeper  stop  is  incurred  and  continues  to  count  upward  in 
whole  minutes.  This  process  continues  until  the  UDM  depth  decreases 
sufficiently  to  provide  adequate  decompression  (tissue  offgassing)  to  begin  a 
reversal  of  the  increasing  decompression  time  obligation.  Then  the  "stop 
time"  display  begins  counting  down,  and  the  "stop  depth"  display  will 
eventually  change  to  the  next  shallower  SAD  stop,  restarting  the  "stop  time" 
countdown  until  sufficient  decompression  is  achieved  to  continue  the  dive  in  a 
no-decompression  status  or  allow  surfacing,  if  the  UDM  rises  shallower  than 
the  SAD  the  UDM  "stop  depth"  and  "stop  time"  displays  will  blink  alternately, 
thereby  providing  a  warning  that  the  diver  is  too  shallow.  If  this  occurs, 
the  UDM  will  continue  to  provide  decompression  information  based  on  the  actual 
depths  attained  for  the  actual  time  at  those  depths.  This  will  result  in  a 
slower  decrement  of  decompression  stop  times  associated  with  the  shallower 
depths  attained. 
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Darin*  display  functioning  tasting  which  involved  a  lengthy  230  FSW  dive 
to  initiate  maximum  SAD  ("stop  depth**)  activation,  the  "stop  depth"  end  "atop 
tine"  display  began  blinking  the  word  "ASCZND",  initiating  once  every  two 
seconds  for  one  second  duration.  This  ia  the  "P40"  warning  atatua.  The 
maxima  "stop  depth"  value  achieved  during  testing  was  150  FSW.  The  ORCA 
UDH'a  capability  to  achieve  deeper  "atop  depth"  (SAD)  values  wae  not  tested, 
and  would  not  occur  during  normal  operations.  When  the  decompression  "atop 
depth"  is  achieved,  the  blinking  "ASCEND"  ceases. 

b.  Total  Time  to  Surface  (TTS).  The  TTS  display  indicates  total 
time  to  surface  assuming  the  diver  begins  immediate  decompression.  U.S.  Navy 
specifications  requires  that  this  display  correspond  to  an  ascent  rate  of  60 
feet  per  minute  (FFM)  (plus  stop  times),  however  this  time  can  be  as  much  as 
59  seconds  in  error  because  the  display  reads  in  hours  and  whole  mlnutea  per 
U.S.  Navy  specifications.  When  a  depth  of  1  FSW  is  achieved  during  a 
no-decompression  dive,  the  TTS  display  reads  "1"  (minute).  At  a  depth  of 

61  FSW  on  a  no-decompression  dive  the  TTS  display  switches  to  "2"  (minutes), 
and  so  on.  This  display  limitation  normally  resulta  in  longer  (59  seconda  or 
less)  decompression  times  being  shown  than  actually  required.  This  is 
apparently  a  display  limitation  only,  and  may  not  reflect  a  limitation  of  the 
microprocessor  itself. 

c.  Dive  Time  Dieplay.  This  display  indicates  the  total  time  of 
dive  in  hours  (two  digits)  and  minutes  (two  digits)  per  U.S.  Navy 
specifications.  This  display  counts  up  in  whole  minutes  from  zero  once  the 
UDM  reaches  a  depth  of  3  FSW  on  descent.  The  timer  will  "freeze"  if  ascent  is 
made  to  2  FSW.  After  10  minutes  on  the  surface  has  elapaed,  the  display  will 
revert  back  to  zero,  as  long  aa  no  ascent  criteria  has  been  violated,  (i.e. 
unless  decompression  time  still  remained  when  diver  surfaced)  and  any 
repetitive  dives  will  be  counted  up  from  zero.  If  a  dive  is  continued  within 
10  minutes  surface  Interval  the  total  time  of  dive  provided  on  the  display 
from  the  Initial  portion  of  the  dive  will  continue  to  count  up  in  whole 
minutes  once  a  depth  of  3  FSW  is  achieved  on  descent  during  the  second  portion 
of  the  dive. 


d.  Depth  Display.  This  display  will  provide  a  maximum  depth 
reading  of  237  FSW.  U.S.  Navy  specification  is  230  FSW.  Three  digits  are 
provided  per  specifications. 

e.  On/Off  Switch.  A  magnetic  flip  switch  located  on  the  back  of 
the  case  is  rotated  ISO  degrees  to  activate  power.  This  switch  seats  itself 
against  the  case.  When  the  UDM  is  securely  fastened  to  the  divers  arm  it  Is 
possible,  although  not  probable,  that  the  UDM  could  be  inadvertently  turned 
off.  This  would  occur  if  a  protruding  object  came  into  direct  contact  with 
the  switch  and  moved  it  to  an  approximate  angle  of  20  degrees  from  the  bottom 
cf  the  case,  toward  the  divers  arm.  If  this  occurred,  the  UDM  memory  of  the 
proceeding  dive  profile  would  be  lost.  Therefore  installation  of  a  switch 
locking  device  is  considered  appropriate.  An  optional  "holster"  is  provided 
with  this  UDM  which  enables  it  to  be  carried  on  a  high  pressure  hose  or 
lanyard.  This  "holster"  could  be  modified  for  use  with  straps,  and  would 
prevent  accidental  flipping  of  the  on/off  switch.  Refer  to  Appendix  H  for 
further  discussion  and  more  detailed  illustrations. 
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The  Instruction  manual  warns  that  the  magnetic  flip  svitch  will  affect  a 
compass  if  it  is  held  within  SO  cm  of  the  unit. 

f.  Battery  Installation  Connection.  The  battery  clips  are 
configured  so  that  the  battery  cannot  be  installed  with  reverse  polarity.  An 
auxiliary  dip  is  provided  so  that  a  fresh  battery  may  be  installed  during  a 
surface  interval  without  losing  the  memory  from  divea  within  the  previous  12 
hours.  The  battery  compartment  was  found  to  be  reliably  watertight  during 
testing. 


8.  Dlvatronlc  UDM.  During  the  initial  phase  of  testing t  unit  836,  215, 
795,  861,  and  864  failed  to  track  depth  accurately.  Depth  inaccuracy 
increased  with  depth,  were  common  at  all  depths,  and  varied  from  true  depth  as 
much  as  2  FSW  at  10  FSW  chamber  depth,  with  proportionately  increasing  errors 
common  as  depth  Increased,  to  a  maximum  error  of  26  FSW  on  two  units  at  a 
depth  of  230  FSW  and  25  FSW  on  two  units  at  a  depth  of  220  FSW.  These 
inaccuracies  were  repeatable  on  each  unit.  Only  one  unit  (889)  proved  to  be 
accurate  within  specifications  (except  for  the  230  FSW  depth).  The  units  were 
returned  to  the  manufacturer  for  evaluation  and  repair.  No  explanation  as  to 
the  cause  of  these  discrepancies  were  provided  by  the  manufacturer.  The 
repaired  units  survived  all  teat  phases  with  acceptable  depth  tracking 
accuracy,  except  for  units  889  and  795.  Unit  889  failed  to  provide  SAD 
information  during  the  final  dive  of  the  profile  tracking  dive  series.  Unit 
795  suffered  a  cracked  case  following  the  low  temperature  battery  duration 
teat. 


The  DIVETRONIC  UDM  test  results  provided  in  this  text  and  enclosed 
Appendixes  refer  to  the  units  returned  after  factory  repair. 

1.  Pressure  Transducer  Accuracy /Temperature  Sensitivity  Tests. 
Appendix  B  (Figures  B12  through  B24)  provides  test  results  for  pressure 
transducer  accuracy  dives  at  29*F  and  93*F  water  temperature.  Examination  of 
the  data  shows  that  the  depth  accuracy  of  the  Divetronic  UDMs  was  always 
within  -1  FSW  to  +1  FSW  to  a  depth  of  220  FSW  at  93*F.  At  29*F  the  units  were 
normally  accurate  to  within  -1  FSW  to  +2  FSW  to  a  depth  of  220  FSW  at  29*F. 
Occasionally  they  deviated  as  much  as  + 3  FSW,  especially  at  depths  below  130 
FSW.  Deviations  of  +4  FSW  occurred  at  depths  of  190  FSW  and  deeper,  but  were 
not  common.  The  shallowest  depth  for  errors  outside  of  the  ±2  FSW 
specification  was  130  FSW.  It  is  noteworthy  that  at  29°F  water  temperature  to 
a  maximum  depth  of  210  FSW,  only  one  UDM  ever  provided  a  depth  reading 
shallower  than  chamber  depth,  and  this  occurred  on  only  one  occasion  at  one 
depth  (one  unit  read  9  FSW  at  an  actual  depth  of  10  FSW  on  ascent  only  on  one 
dive).  At  93*F  at  a  maximum  depth  of  220  FSW,  depth  readings  shallower  than 
true  depth  were  more  common,  but  never  exceeded  -1  FSW  and  occurred  less  often 
at  shallower  depths.  Unit  889  was  between  -2  and  -8  FSW  in  error  during  dives 
1-5  at  29°F  at  a  single  depth  of  220  FSW,  but  later  leveled  out  to  an  accuracy 
which  never  exceeded  -1  FSW  deviation  at  this  depth.  The  Divetronics  UDMs  do 
not  track  depth  to  230  FSW,  often  displaying  222  FSW,  and  with  a  maximum  error 
on  one  unit  of  212  FSW.  This  appears  to  be  a  limitation  of  either  the 
pressure  transducer  or  the  depth  output  circuitry. 
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Ovefall,  depth  readings  daapar  than  actual  depth  were  much  acre  cannon 
then  depth  raadinga  ahallover  than  actual  depth.  Depth  readings  were  aora 
accurate  at  ahallover  depths.  The  ODNe  were  slightly  aora  accurate  on  descent 
than  on  ascent,  and  vara  aora  accurate  at  93*F  than  29*F,  although  at  29#F  the 
units  displayed  a  deeper  depth  vhaa  a  deviation  occurred.  All  UDHa  read  saro 
on  the  surface. 

The  Dlvetronic  UDH  performed  veil  down  to  210  73V.  Inaccuracies  below 
this  depth  did  not  effect  Shallower  accuracies,  suggeetlng  a  aechanical  or 
logical  limitation. 

2.  Long  Term  Stability /Temperature  Sensitivity  Tests.  Appendix  C 
(Figures  G13  through  C24)  provides  test  results  for  long  term  stability  divea 
at  29"F  and  93*F  water  temperature.  Ixamlnatlon  of  the  data  shows  that  depth 
readings  did  not  vary  more  than  ±  1  F3V  during  the  30  minute  hold  at  each 
depth  increment.  Depth  accuracy  was  normally  within  -1  F3W  and  +4  FSW  to  a 
depth  of  200  FSW  except  for  unit  S36  on  diva  4  at  93*F.  Unit  S36  displayed 
198  FSW  at  a  chamber  depth  of  200  FSW  at  the  end  of  the  30  minute  stop  during 
this  dive.  Unit  864  on  dive  3  at  93*F  began  to  decay  and  finally  ceased 
functioning  at  the  SO  FSW  ascent  atop  and  on  the  surface  after  ascent,  unit 
864  then  returned  to  normal  for  the  duration  of  all  further  testa.  The  units 
have  a  depth  tracking  limitation  which  la  shallower  than  230  FSW.  normally 
maximum  depth  is  displayed  as  222  FSV,  but  varies  from  211  FSW  to  224  FSW. 

All  units  displayed  0  at  the  surface,  except  for  unit  864  on  the  one  diva 
mentioned  above. 

Long  Term  Stability  Teats  resulted  in  depth  tracking  accuracy  similar  to 
Pressure  Transducer  Accuracy  Testa  (Test  One).  200  FSW  and  shallower  errors 
vere  all  deeper  at  29*F  and  -1  to  42  at  93*F  (except  for  unit  864  which  failed 
on  Dive  #3  at  93*F,  Figure  C21). 

3.  Repetitive  No  Decompression  Dive  Profile  Tracking  Teats. 

Appendix  D  shows  the  results  of  these  divas  for  each  Dlvetronic  UDM.  The  top 
portion  of  each  figure  shows  the  result  for  the  2  FSW  aurface  interval  dive, 
the  bottom  for  the  5  FSW  aurface  interval.  The  surface  interval  depth  would 
not  affect  the  initial  no-decompression  limit.  However,  since  the  UDM  would 
assume  a  21X  breathing  gas  for  depths  less  than  3  FSW  and  a  0.7  ATA  breathing 
gas  for  greater  depths,  the  second  no-deconpression  limit  would  be  affected 
when  taking  a  5  FSW  surface  interval;  the  no-decompression  limit  for  the 
second  dive  will  be  longer  than  taking  a  2  FSW  surface  Interval. 

The  differences  between  the  Divetionlc  UDH  and  the  HP  1000  reference  for 
the  60  FSW  no-decompresaion  limit  ranged  from  the  Dlvetronic  UDM  having  a  132 
second  longer  to  a  34  second  shorter  no-decompreaaior  limit.  Since  the  depth 
for  both  the  HP  1000  and  UDM  was  only  accurate  to  ±1  FSW,  a  depth  difference 
of  1  FSW  between  the  two  would  not  be  noticed.  At  60  FSW  this  would  result  in 
at  least  a  3  minute  difference  in  no-decompression  time.  Therefore  the 
difference  in  no-decompression  times  between  the  HP  1000  and  the  UDM  are  well 
within  the  minimum  depth  accuracy  limits. 
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The  dole  er&cking  of  SAD  switches  between  the  two  profiles  showed  the 
switchover  from  0.7  ATA  to  21X  O2  at  3  FSW  to  be  working  properly.  All  time 
differences  were  well  within  limits  imposed  by  the  ±1  FSW  minimum  depth 
difference  and  were  judged  insignificant  in  terms  of  decompression  stress.. 

There  was  no  evidence  of  any  cumulative  error. 

4.  Decompression  Dive  Profile  Tracking  Tests.  Appendix  E  provides 
test  results  for  decompression  dives.  Evaluation  of  the  data  shows  that  on 
dive  profile  a.  (175  FSW  for  60  minutes)  at  29°F  water  temperature,  UDM  SAD 
change  times  at  maximum  dive  depth  (175  FSW)  varied  from  0  seconds  to  476 
seconds  compared  to  computer  SAD  change  times.  UDM  SAD  change  times  during 
decompression  varied  from  -134  seconds  to  4102  seconds.  These  changes  ar< 
within  the  ±1  FSW  depth  resolution. 

Dive  profile  a.  at  93°F  water  temperature  was  the  last  dive  cond ~cte^  of 
the  profile  tracking  test  series,  although  this  is  not  reflected  in  the 

sequence  of  data  provided  in  this  report.  Unit  889  failed  to  provide  Si.) 

information  during  this  dive,  although  the  depth  and  tiqe  displays  continued 
to  operate.  Failure  of  this  unit  prevented  collection  of  test  data  only 
the  175  FSW  for  60  minute  dive  at  93°F,  on  the  mud  test,  and  on  the  four  foot 

drop  test.  Collection  of  batter?;  duration  test  data  was  still  possible.. 

Evaluation  of  the  data  from  dive  profile  a.  at  93°F  on  the  f.i/t  units  which 
dio  not  fail  shows  that  UDM  SAD  change  times  at  maximum  dive  dt.  fch  varied  Ire  a 
42  seconds  to  478  seconds  compared  to  computer  SAD  change  times.  SAB  change 
times  during  decompression  varied  from  -100  seconds  to  tll8  seconds. 

During  dive  profile  b.  (150  FSW  for  30  minutes  at  2S°F  water  temp  rature) 

UDI-i  SAD  change  times  at  maximum  dive  depth  varied  from  42  seconds  to  *12 
seconds.  UDM  SAD  change  times  during  decompression  varied  from  -40  sef^di  tt 
4I8  seconds. 

Overall,  UDM  SAD  functioning  was  considerably  more  accur»*'i  .4  ^ 
dive  depth  than  during  decompression.  This  is  consisted*:  «iqh  -.4.  .t  time 

periods  required  for  SAD  decreases  to  occur  during  dec  che 

surface  as  compared  to  the  more  rapid  SAD  increases  at  ■  0  FSW 

dives  resulted  in  greater  SAD  functioning  accuracy  tha:  .  lives. 

This  may  be  due  in  part  to  the  greater  frequency  of  SA*  t. ■.<.  -  FSW 

(SAD  values  up  to  90  FSW)  and  longer  decompression  time..  .  ,.  ro;".  f  his 

depth.  These  factors  were  also  a  function  of  the  longer  .•  »: 

175  FSW.  Although  the  maximum  overall  UDM  SAD  change  aevi.  .  .  r.-'  .  during 
the  175  FSW  dives  was  -134  seconds  and  4118  seconds,  tb**';  r  .  ,  e  is 
excessively  deep  cn 1  long,  and  these  time  differences  are  .  ithin  the  ±1 

FSW  depth  resolution.  The  UDMs  were  slightly  more  accurate  at  >.9°F  water 
temperature  than  at  93°F  water  temperature. 

UDM  warning  status  data  is  charted  along  with  SAD  '.ticking  data  on  the 
decompression  dive  profile  tracking  dives  in  order  to  *>  Hr  a  better  overall 
evaluation  of  warning  status  functioning.  An  evaluatii  u  •  aming  status 
data  is  discussed  in  the  warning  status  test  result  se' t  t  this  report. 

The  large  discrepancies  in  warning  status  changes  which  ;ic  utvtd  during 
testing  covered  in  this  section  are  attributed  to  obs^rv  .tioti  errors  on  the  5 

part  of  test  technicians.  I 


5.  Repetitive  Decompression  Dive  Profile  Tracking  Tests.  Appendix  6 
provides  test  results  for  repetitive  decompression  dives.  Twenty  SAD  changes 
occurred  on  each  profile.  The  maximum  SAD  was  5C  FSW.  Evaluation  of  SAD 
functioning  data  indicates  that  the  time  differences  observed  between  the 

HP  1000  and  the  UDM  are  within  the  differences  expected  for  a  1  FSW  depth 
difference,  indicating  proper  algorithm  functioning. 

6.  Warning  Status  Tests.  Appendix  H  provides  the  results  for  warning 
status  test  dives.  Warning  status  functioning  data  was  also  charted  on  the 
decompression  dive  data  sheets  (Appendix  F)  and.  repetitive  decompression  dive 
data  sheets  (Appendix  6)  in  order  to  provide  a  better  evaluation  of  warning 
status  functioning.  The  warning  status  data  collected  during  these  dives 
proved  to  be  innacurate,  so  Appendix  H  provides  a  more  specific  focus  on  UDM 
warding  status  functioning.  Recording  of  warning  status  data  on  decompression 
dive  profile  b.  (150  FSW  for  30  minutes)  and  on  repetitive  decompression  dives 
proved  to  be  an  advantage.  It  was  discovered  that  the  UDM  warning  status  (SAD 
display  blinking)  secured  at  approximately  the  same  time  that  the  UDM  10  FSW 
SAD  value  changed  to  0  FSW  during  decompression.  During  the  repetitive 
decompression  dives,  the  warning  status  resumed  at  approximately  the  same  time 
that  the  UDM  SAD  changed  from  0  FSW  to  10  FSW  at  maximum  dive  depth,  on  the 
repetitive  dive.  Although  the  test  data  does  not  indicate  that  this  is 
precisely  the  case,  interviews  with  the  test  technicians  who  recorded  the  data 
suggests  that  during  decompression  dive  profile  b.  and  repetitive 
decompression  dives,  test  technicians  focused  on  SAD  information  recording 
during  the  long,  up  to  seven  hours  duration,  dives.  Occasions  occurred  when 
warning  status  information  was  not  properly  recorded  due  to  inadvertent 
oversite  by  test  technicians.  This  is  apparent  in  Figure  FI  and  Figure  Fll. 

An  additional  test  was  conducted  to  confirm  the  suspicion  that  the  UDM  may 
have  been  designed  so  that  the  SAD  display  does  not  flash  unless  a  SAD  value 
is  indicated  (other  than  0  FSW).  UDM  215  was  dove  to  a  depth  of  175  FSW  for 
approximately  24  minutes  (to  initiate  the  warning  status)  and  decompressed  to 
10  FSW.  When  the  10  FSW  SAD  changed  to  0  FSW,  flashing  secured.  SAD  flashing 
resumed  when  the  0  FSW  SAD  value  changed  back  to  10  FSW  upon  recompression  of 
the  UDM  from  the  10  FSW  depth.  This  test  was  repeated  on  a  similar  profile, 
except  the  UDM  was  decompressed  to  the  surface  prior  to  recompression  to 
depth.  The  same  results  occurred  as  on  the  previous  test.  It  is  therefore 
evident  that  a  0  FSW  value  on  the  SAD  display  will  not  flash  even  though  the 
UDM  may  remain  in  the  "warning  status  loop." 

A  modification  should  be  made  to  the  Divetronic  UDM  so  that  this  will  not 
occur  on  production  run  models. 

The  warning  status  test  profile  was  designed  so  that  the  warning  status 
would  initiate,  secure,  and  re-initiate  on  each  dive.  A  comparison  of  UDM 
warning  status  initiation  time  and  extinguishment  time  to  computer  warning 
status  initiation  and  extinguishment  time  in  seconds  is  provided  as  follows: 
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UDM  warning  status  functioning  always  occurred  after  computer  warning 
status  functioning  except  for  the  re- initiation  on  UDM  861,  which  occurred  at 
the  same  time  as  the  computer.  Minus  ?.  and  +4  second  time  differences  may  be 
attributable  to  test  technician  time  delays  in  programming  warning  swatus  and 
depth  change  information  into  the  computer. 

7.  Battery  Duration  Evaluation. 

a.  Phase  I.  Backlight  on  battery  duration  test,  power  activation 
24  hours  after  charge.  Elapsed  times  to  low  battery  warning  indication  and 
power  depletion  are  provided  below.  All  times  are  rounded  off  to  the  nearest 
half  hour. 
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The  U.S.  Navy  specification  for  battery  duration  is  12  hours  with  fully 
illuminated  backlighting.  Unit  864  was  the  only  UDM  which  did  not  meet  this 
specification,  suffering  a  battery  depletion  in  11.5  hours. 

b.  Phase  XI.  Backlight  off  battery  duration  test,  power 
activation  24  hours  after  charge.  Elapsed  times  to  low  battery  warning 
indication  and  power  depletion  are  provided  below. 
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c.  Phase  III.  Backlight  off  battery  duration  test,  power 
activation  72  hours  after  charge.  Elapsed  times  to  low  battery  warning 
indication  and  battery  depletion  are  provided  below. 
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d.  Phase  XV.  Backlight  off  battery  duration  teat,  power 
activation  120  hours  after  charge.  Elapsed  times  to  low  battery  warning 
indication  and  battery  depletion  are  provided  below. 
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The  120  hour  delay  in  power  activation  after  a  four  hour  charge  did  not 
result  in  pronounced  reductions  in  battery  duration  during  this  test  run, 
except  for  unit  861  which  still  provided  acceptable  times. 

e.  Phase  V.  Backlight  off  low  temperature  battery  duration 
test.  Elapsed  times  to  low  battery  warning  indication  and  battery  depletion 
during  exposure  to  10aF  air  temperatures  are  provided  below.. 
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It  is  noteworthy  that  the  environmental  extremes  provided  during  the  test 
did  not  result  in  pronounced  battery  depletion,  except  for  unit  861  which 
still  survived  well  over  the  U.S.  Navy  specification  of  12  hours  minimum, 
although  backlight  illumination  was  not  activated  for  this  test.  This  unit 
also  suffered  a  noticeable  power  drop  during  Phase  IV.  An  operational  dive 
with  unit  795  two  days  after  test  completion  resulted  in  immediate  floodout 
when  the  diver  entered  the  water.  Examination  of  the  case  revealed  a  crack  in 
the  area  surrounding  the  on/off  switch.  Whether  the  crack  occurred  as  a 
result  of  the  cold  temperature  test  or  as  a  result  of  an  unnoticed  impact  is 
unknown.  Survival  of  the  remaining  five  units  during  the  four  foot  drop  test 
(paragraph  10  of  this  section)  would  seem  to  indicate  that  the  temperature 
extremes  resulted  in  the  cracked  case. 

The  battery  warning  function  was  found  to  activate  prior  to  battery 
depletion  on  every  battery  test  run  at  1  ATA,  providing  warnings  from  1.5 
hours  to  23.5  hours  prior  to  battery  failure  during  backlight  off  battery 
duration  tests,  with  an  averaged  time  of  10.7  hours  prior  to  battery 
depletion.  Backlight  on  battery  duration  tests  resulted  in  battery  warning 
function  activation  from  30  minutes  to  three  hours  prior  to  battery  depletion, 
with  an  average  time  of  1.4  hours  prior  to  battery  completion. 

Overall,  battery  duration  times  from  unit  to  unit  during  backlight  off 
tests  varied  from  26  hours  on  unit  861  during  Phase  V  to  95  hours  on  unit  215 
during  Phase  V,  with  an  overall  average  battery  duration  average  of  56  hours. 
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8.  Mud  test.  A  comparison  of  Divetronic  UDM  depth  readings  to 
chamber  depth  is  provided  below.  The  results  demonstrate  acceptable  pressure 
transducer  accuracy  (within  the  ±2  FSW  specification),  ranging  from  -2  FSW  to 
+0  FSW  to  a  depth  of  220  FSW,  and  "pegging  out"  at  22 2  FSW. 


9.  500  FSW  Watertight  Integrity  Test.  Divetronic  UDM  215  and  836 

were  exposed  to  a  depth  of  230  FSW  for  a  24  hour  period  and  units  861,  864, 
and  889  were  exposed  to  a  depth  of  500  FSW  for  a  24  hour  period.  Unit  795 
experienced  a  cracked  case  during  previous  testing.  Units  pressed  to  the  same 
depth  were  found  to  have  recorded  ascent  times  within  one  minute  of  each  other 
(units  read  in  whole  minutes,  so  precise  variations  are  unknown)  at  the  time 
of  surfacing.  All  units  were  found  to  be  operable  with  no  obvious  flooding  or 
damage,  except  for  unit  889  which  suffered  a  SAD  display  failure  during 
previous  testing,  but  otherwise  performed  acceptably.  Pressure  transducer 
accuracy  and  display  functioning  was  then  successfully  tested  on  all  units  at 
20  FSW  intervals  during  descent  and  ascent  to  a  depth  of  220  FSW.  .Test 
results  provided  below  show  functioning  similar  to  the  pressure  transducer 
test  series  (Appendix  B).  Following  the  pressure  transducer  test  dive  all 
units  were  disassembled  and  checked  for  leakage.  No  moisture  was  found. 


1  *  Descent 
T  «  Ascent 


10.  Four  Foot  Drop  Test.  The  five  functioning  Divetronic  UDMs 
remaining  from  previous  testing  were  dropped  from  a  height  of  four  feet  cn  a 
concrete  floor,  impacting  at  various  angles,  including  display  face  down  and 
on/off  switch  impacts.  Units  were  then  submitted  to  a  60  FSW  no  decompression 
dive,  one  hour  surface  interval,  and  120  FSW  repetitive  no  decompression 
dive*  All  units  were  found  to  function  acceptably,  accurately  monitoring 
depth,  no  decompression  time,  and  dive  time,  except  for  unit  889  which 
suffered  a  SAD  display  failure  during  previous  testing.  Depth  and  dive  time 
functions  were  found  to  be  accurate  on  this  unit.  Display  information  was 
clear  on  all  units  and  no  damage  to  the  case  or  display  face  was  found  after 
careful  examination.  No  leaks  occurred  during  the  dive. 

11.  Display  Functioning  and  External  Hardware.  This  section  discusses 
the  various  functioning  characteristics  of  the  Divetronics  UDM  display  and 
external  hardware  which' were  verified  during  testing.  Display  lettering  is 
LCD  (liquid  crystal  display),  lights  are  LED  (light  emitting  diode).  A 
backlight  switch  is  provided.  Figure  6  provides  a  drawing  of  the  Divetronic 
UDM  display  layout.  Appendix  I  provides  further  illustrations  of  external 
hardware . 


a.  SAD  display  functioning.  At  1  ATA  the  SAD  time  ("min")  end 
depth  ("ft")  displays  scroll  no  decompression  time  limits  for  various  depths 
as  outlined  below. 
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Ho  decompression  time  limits  are  only  provided  to  a  depth  of  90  FSW 
because  the  SAD  display  only  provides  two  digits  (10’a,  l’s).  U.S.  Navy 
specifications  called  for  2  digits  (100's,  10's).  At  30,  40,  and  50  FSW  the 
UDM  scrolls  a  no  decompression  time  of  only  99  minutes  because  the  SAD  "min" 
display  (time  at  stop)  is  only  capable  of  shoving  tvo  digits  (10 's,  l's), 
which  is  in  accordance  with  U.S.  Navy  specifications.  Three  digit  displays  on 
SAD  depth  and  time  windows  should  be  provided  on  future  models.  At  60  FSW  the 
UDM  scrolls  73  minutes  Instead  of  73  minutes  and  59  seconds  because  the  time 
display  counts  whole  minutes  only.  Regardless  of  the  displayed  no 
decompression  time  of  73  minutes,  the  actual  UDM  no  decompression  time  would 
be  73  minutes  and  59  seconds.  When  the  UDM  no  decompression  count  down 
function  reaches  0  minutes,  the  10  FSW  SAD  activation  will  not  occur  until  the 
given  amount  of  additional  seconds  (less  than  one  minute)  expires. 


The  no  decompression  time  limits  are  only  representative  as  a  guide  for 
general  planning  purposes.  The  the  no  decompression  times  scrolled  on  the  UDM 
display  prior  to  the  dive  or  during  surface  intervals  between  repetitive  dives 
assume  the  entire  vr-.oming  dive  will  be  spent  at  the  given  depth,  and  do  not 
include  descent  tl.  i  and  descent  depths  attained  during  travel  to  the  given 
depth.  During  surface  intervals  between  repetitive  dives  the  remaining  no 
decompression  times  at  depths  up  to  90  FSW  will  beiin  scrolling  on  the  SAD 
display  after  a  period  of  approximately  10  minutes  on  the  surface.  This 
function  is  not  required  by  U.S.  Navy  specifications,  but  provides  Information 
useful  to  dive  planning,  and  is  only  provided  during  a  surface  interval. 


During  a  no  decompression  dive  the  UDM  counts  down  the  remaining  no 
decompression  time  limit  for  the  actual  depth  shown  in  the  UDM  "depth" 
display.  This  information  * s  provided  in  the  SAD  "min"  display  in  whole 
minutes.  Meanwhilr  \e  S  ft"  display  shows  two  dashes,  as  illustrated 
below: 
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The  SAD  "min"  display  counts  down  by  whole  minutes  until  within  5  minuter* 
end  c  given  number  of  seconds  (less  than  60  seconds).  At  this  time  the  SAD 
display  begins  blinking  as  it  continues  to  count  down  to  zero.  The  blinking 
warns  the  diver  that  he  is  nearing  the  no  decompression  time  limit.  When  the 
count  down  reaches  zero  it  is  an  indication  that  less  than  one  minute  no 
decompression  time  remains  at  that  depth. 

Fleshing  of  the  SAD  display  should  be  eliminated  for  this  function  as  it 
may  be  mistaken  for  a  warning  status.  Additionally,  the  blinking  draws  the 
divers  attention  to  a  situation  which  does  not  normally  require  positive 
action  on  the  part  of  the  diver.  This  is  discussed  further  in  Appendix  I. 

Once  a  10  FSW  decompression  stop  is  incurred,  the  SAD  display  stops 
blinking,  the  SAD  "ft"  display  reads  "10"  and  the  SAD  "min"  display  reads  "1" 
and  begins  counting  up  the  increasing  amount  of  time  the  diver  must  remain  at 
the  10  FSW  decompression  stop  in  whole  minutes.  The  SAD  "min"  display 
restarts  from  "1"  each  time  a  deeper  stop  is  incurred  and  continues  to  count 
upward  in  whole  minutes.  This  process  continues  until  the  UDM  depth  decreases 
to  a  depth  which  is  shallow  enough  to  result  in  sufficient  decompression 
(tissue  offgassing)  to  begin  a  reversal  of  the  increasing  decompression  time 
obligation,  at  which  time  the  SAD  "min"  display  begins  counting  down.  If 
depth  is  maintained  shallow  enough  to  continue  adequate  decompression  (tissue 
offgassing),  the  SAD  "ft"  display  will  eventually  change  to  the  next  shallower 
SAD  stop  and  the  "min"  display  will  restart  the  count  down,  until  sufficient 
decompression  is  achieved  to  continue  the  dive  in  a  no  decompression  status  or 
allow  surfacing.  If  the  UDM  rises  shallower  than  the  SAD  the  UDM  will  provide 
a  warning  (discussed  later)  bnt  will  continue  to  provide  decompression 
information  based  on  actual  depths  attained  for  the  actual  time  during  the 
shallow  period.  This  will  result  in  a  slower  decrement  of  decompression  stop 
time  associated  with  shallower  depths  attained. 

b.  Deco  Stop  light.  The  Deco  Stop  light  is  yellow  in  color  and 
is  located  adjacent  to  the  SAD  "ft"  and  "min"  displays.  This  light  provides  a 
steady  illumination  when  the  UDM  depth  matches  the  SAD,  or  is  within  1  to  3 
FSW  deeper  than  the  SAD.  If  the  UDM  ascends  shallower  than  the  SAD  (even  to 
the  surface)  the  Deco  Stop  light  will  flash  alternately  with  the  out  of  range 
light,  and  will  continue  to  flash  until  the  UDM  descends  to  the  SAD  or  deeper. 

The  Deco  Stop  light  will  cease  illumination  when  traveling  between  stops, 
or  after  the  10  FSW  SAD  expires.  When  the  warning  status  is  initiated,  the 
Deco  Stop  light  fleshes  when  the  SAD  display  blinks,  will  remain  on 
continuously  when  at  the  SAD,  and  will  flash  while  ascending  to  the  initial 
SAD  or  ascending  to  the  next  shallower  SAD  as  long  as  the  UDM  remains  in  the 
warning  status  function.  During  warning  status  functioning  the  Deco  Stop 
light  will  go  off  when  the  10  FSW  SAD  expires,  or  if  the  SAD  display  reaches 
90  FSW  and  the  maximum  obligated  time  than  can  be  acquired  at  the  90  FSW  SAD 
for  the  given  dive  profile  is  accumulated  with  UDM  depth  still  remaining  deep 
enough  to  continue  the  accumulation  of  obligated  decompression  time. 

This  light  should  actually  only  illuminate  when  the  diver  is  too  shallow, 
ascending  past  the  required  decompression  stop. 


c.  Out  of  range  light.  The  out  of  range  light  is  red  in  color 
and  will  flash  alternately  with  the  Deco  Stop  light  if  UDM  depth  is  less  than 
the  SAD.  The  out  of  range  light  will  flash  independently  if  the  SAD  display 
reaches  90  FSW  and  the  maximum  obligated  time  that  can  be  acquired  at  the 

90  FSW  SAD,  for  the  given  dive  profile,  has  accumulated  with  UDM  depth  still 
deep  enough  below  the  SAD  to  continue  the  accumulation  of  decompression  time. 
When  this  occurs  the  Deco  Stop  light  ceases  flashing  and  the  SAD  display 
continuously  scrolls  the  decompression  obligation  (the  decompression  stop 
depths  and  times  required  at  each  decompression  stop)  which  existed  when  the 
out  of  range  light  initially  illuminated.  The  ascent  time  will  also  remain  at 
the  value  attained  vhen  the  out  of  range  light  initially  illuminated.  The 
dive  time  display  will  continue  to  function,  as  well  as  the  depth  display.  If 
UDM  depth  then  decreases  to  the  SAD  or  shallower  (even  to  the  surface)  the  SAD 
display  will  continue  scrolling,  and  will  not  decrease  SAD  values  or 
decompression  times  (nor  will  the  ascent  time  change  or  Deco  Stop  light 
function)  until  the  UDM  is  turned  off.  Turning  the  UDM  back  on  will  restart 
all  functions  and  the  UDM  will  recalibrate  itself  fur  a  new  dive  profile  with 
no  prior  decompression  obligation.  The  "out  of  range"  labeling  includes  an 
arrow  which  points  to  a  "max.  depth!!"  label.  This  light  was  not  found  to 
function  when  maximum  UDM  depth  was  achieved  or  exceeded. 

d.  Ascent  time  display.  The  ascent  time  display  indicates  the 
total  time  to  surface  (TTS)  assuming  the  diver  begins  immediate 
decompression.  This  display  is  designed  to  correspond  to  an  ascent  .ravel 
rate  of  6G  feet  per  minute  (FPM),  however,  this  time  is  only  precise  within  at 

|  least  30  seconds  due  to  the  display  reading  out  in  whole  minutes’.  When  the 

depth  display  reads  between  0  and  30  FSW,  the  ascent  time  display  on  a  no 
decompression  dive  reads  "0".  Between  31  FSW  and  90  FSW  the  display  reads  "1" 
(minute).  Between  91FSW  and  150  FSW  the  display  reads  "2",  and  so  on.  During 
1  decompression  dives  the  ascent  time  is  the  sum  (in  whole  minutes)  of  the 

|  decompression  stop  times  and  the  ascent  travel  time  at  a  rate  of  60  FPM  from 

<  the  given  depth  to  the  surface.  Four  digits  were  required  on  this  display  by 

U.S.  Navy  specifications,  providing  hours  and  minutes.  This  display  provides 
ascent  time  in  minutes  only,  and  three  digit  times  are  the  maximum  that  can 
accumulate  prior  to  the  out  of  range  function  "freezing"  the  display  as 
described  in  the  preceding  section  (c.). 

If  the  UDM  is  left  on  after  surfacing,  the  ascent  time  display  will 
provide  the  maximum  depth  attained  during  the  dive  approximately  every  30 
seconds.  This  will  occur  within  the  first  ten  minutes  of  surface  interval 
i  only,  after  which  the  maximum  depth  attained  is  provided  by  the  "depth" 

display.  The  maximum  depth  attained  will  blink  on  and  off  five  times  for  five 
seconds  total  duration,  initiating  every  thirty  seconds  (approximate  times). 

e.  Dive  time  display.  The  dive  time  display  indicates  the  total 
time  of  dive  in  minutes  (four  digits).  Four  digits  were  required  on  this 

j  display  by  U.S.  Navy  specifications,  providing  hours  and  minutes.  This 

1  display  is  labeled  "h:min"  but  time  is  provided  in  minutes  only.  This  display 

!  counts  up  in  whole  minutes  from  zero  once  the  UDM  reaches  or  exceeds  a  depth 

j  of  2  FSW  (it  is  a  pressure  activated  function).  If  UDM  depth  decreases  to  0 

FSW,  the  dive  time  display  will  "freeze"  at  the  time  indicated  when 
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surfacing.  After  10  minutes  on  the  surface  has  elapsed,  the  display  will 
revert  back  to  zero  (as  long  as  no  ascent  criteria  has  been  violated,  i.e. 
decompression  time  still  remaining),  and  any  repetitive  dives  will  be  counted 
up  from  zero.  If  a  dive  is  continued  within  a  10  minute  surface  interval,  the 
total  time  of  dive  provided  on  the  display,  from  the  initial  portion  of  the 
dive,  will  continue  to  count  up  in  whole  minutes  once  a  depth  of  2  FSW  is 
achieved  on  descent  during  the  second  portion  of  the  dive.  After  ten  minutes 
surface  interval  has  elapsed  with  the  UDM  left  on,  the  dive  time  display  will 
provide  the  total  time  of  dive  (15  seconds  on,  15  seconds  off). 

f.  Ascent  rate  light.  The  labeling  provided  on  the  ascent  rate 
light  is  "33  ft/min".  The  commercial  veraion  is  designed  to  flash  at  2  second 
intervals  when  ascending  at  33  FPM,  increasing  the  flashing  as  ascent  rate 
increases,  with  steady  illumination  if  an  ascent  rate  of  66  FPM  is  reached  or 
exceeded.  The  actual  ascent  rate  allowed  by  the  UDM  prior  to  any  light 
illumination  ia  approximately  66  FPM  in  the  U.S.  Navy  configuration.  If  the 
light  is  illuminated  due  to  the  ascent  rate  exceeding  66  FPM,  slowing  down  the 
ascent  rate  to  the  required  parameters  will  extinguish  the  light.  When 
ascending  at  a  rate  less  than  66  FPM  the  ascent  rate  light  will  not  flash  at 
periodic  Intervals. 

g.  Depth  display.  The  depth  display  is  provided  in  three 
digits.  Pressure  transducer  testing  has  Indicated  that  the  depth  display  wiil 
"peg  out"  at  depths  from  218  to  222  FSW,  even  though  the  U.S.  Navy 
specification  la  230  FSW.  The  depth  display  vill  not  register  1  FSW.  A  depth 
of  2  FSW  will  activate  the  dive  time  and  ascent  time  function.  After  ten 
minutes  surface  interval  has  elapsed  with  the  UDM  left  on,  the  depth  display 
will  provide  the  maximum  depth  attained  during  the  dive  (15  seconds  on,  15 
seconds  off) . 


h.  Backlighting.  The  backlighting  switch  is  located  on  the 
bottom  portion  of  the  UDM  case  under  the  SAD  display.  It  is  a  magnetic, 
sliding  switch  which  includes  a  spring  that  maintains  the  switch  in  the  off 
position  unless  physically  held  in  the  on  position.  This  configuration  was 
presumably  designed  to  save  power.  Section  V.B.7.  of  this  report  provides  the 
results  of  battery  duration  tests  conducted  with  backlighting  on  and 
backlighting  off,  and  demonstrates  the  substantial  power  drain  that  occurs 
when  the  lighting  function  is  left  on  continuously.  The  backlighting  switch 
vas  found  to  be  easily  accessible  even  with  three  fingered  neoprene  gloves. 

It  also  proved  to  be  reliable.  The  bottom  of  the  switch  is  serrated  to 
provide  a  gripping  surface  for  the  gloved  operator. 

i.  External  Pressure  Transducer  Fitting.  The  "dive  simulator" 
allows  the  operator  to  perform  pre  and  post  dive  checks  on  the  proper 
functioning  of  the  unit,  and  provides  an  excellent  training  aid  for  unit 
functioning.  The  pressure  transducer  cavity  must  be  filled  with  water  prior 
to  installation  of  the  "dive  simulator"  in  order  to  simulate  deeper  depths. 
Appendix  I  provides  an  illustration  of  the  "dive  simulator”. 


j.  On/Off  Switch.  This  uwltch  it  a  biege  handle,  4.1  cm  in 
length,  protruding  1.0  to  1.2  cm  from  the  caae.  It  uses  a  strong  spring 
loaded  positive  action  device  to  prevent  accidental  activation  or  deactivation 
of  the  unit.  As  the  unit  is  not  designed  to  be  turned  on  underwater,  the 
handle  is  not  large  enough  to  be  pulled  and  turned  when  wearing  heavy  thermal 
protection  on  the  hands. 

k.  Battery  Secharger.  The  recharging  device  can  be  set  at  110  or 
220  volts  AC.  An  optional  12  volt  DC  cigarette  lighter  charger  is  advertised 
but  was.  not  provide '  for  evaluation.  Charging  can  be  conducted  with  the  unit 
on  so  as  to  retain  the  memory  function  during  surface  intervals  between 
repetitive  dives.  Because  Hi Cad  batteries  can  develop  a  "memory",  recharging 
should  only  bo  conducted  when  the  low  battery  warning  has  initiated. 
Overcharging  should  be  avoided.  Four  to  five  hours  is  all  that  is  required, 
not  to  exceed  12  hours  by  manufacturers  recommendation.  NiCad  batteries 
should  be  stored  discharged  in  a  cool  environment.  Appendix  I  provides  an 
illustration  of  the  battery  recharger. 

VI.  DISCUSSION 

A.  UDM  Algorithm  Specificity.  UDM's  consist  of  two  major  components, 
hardware *and  software.  The  hardware  contains  an  output  display,  central 
processing  unit  (CPU)  and  memory  function  capable  of  programming  with  any 
suitable  algorithm.  Testing  at  NEDU  was  designed  to  test  hardware:  the 
ability  of  the  unit  to  accurately  monitor  depth;  long  term  reliability  under 
environmental  extremes;  CPU  computational  accuracy;  and  suitability  of  case 
and  display  characteristics. 

Any  suitable  algorithm  could  have  been  used  for  the  conduct  of  the  test 
series  discussed  herein.  The  EL  MK  15/16  RTA  was  the  first  computer  algorithm 
developed  at  NEDU  and  was  Implemented  into  the  prototype  UDMs  because  this  was 
considered  to  be  the  first  application  that  would  be  required.  If  another 
U.S.  Navy  algorithm  had  been  used,  it  would  not  have  had  an  impact  on  the 
results  of  this  report.  Reference  4  provides  results  of  Air-N202 
decompression  computer  algorithms  development.  Alternative  algorithms  may 
have  future  UDM  application. 

B.  General  UDM  Performance.  Neither  UDM  tested  is  suitable  for  long  term 
USN  application,  however  the  Divetronic  UDM  could  be  modified  to  meet  short 
term  needs,  as  discussed  below: 

1.  Depth  Tracking.  Both  prototype  models  tracked  depth  accurately 
when  working  properly.  The  ORCA  UDM  depth  transducer  proved  unreliable,  and 
did  not  survive  repeated  pressurizations.  The  Divetronic  UDM  pressure 
transducer  was  not  accurate  below  210  FSW  but  was  acceptable  in  all  other 
regards.  While  not  meeting  the  USN  specification  for  maximum  depth  accuracy, 
210  FSW  will  meet  current  N2O2  or  air  diving  needs.  This  unit  will  not  meet 
He02  diving  needs. 

2.  CPU  Performance.  The  Divetronic  CPU  functioned  satisfactorily  and 
the  units  computed  the  correct  dive  profile  when  the  depth  input  was 
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accurate.  All  errors  could  be  attributable  to  pressure  transducer 
Inaccuracies.  CPU  testing  on  the  OKCA  prototype  was  limited,  but  was  found  to 
be  accurate  to  the  extent  tested. 

3.  Displays.  Of  the  tvo  units  tested,  the  Divetronic  display  vaa  the 
•  most  suitable.  Its  major  shortcomings  Include  the  tvo  digit  stop  time  display 

and  tvo  digit  safe  ascent  depth  (SAD)  display  limitation.  In  current  air  or 
^2°2  diving*  stops  belov  90  FSW  vould  not  be  encountered  vithin  the  current 
depth/time  domain  limitation.  Stop  times  over  99  minutes,  hovever,  may  be 
encountered.  Under  the  current  limits  of  the  depth/time  domain  these  long 
atops  vould  not  be  encountered  belov  10  FSW,  and  since  the  total  ascent  time 
display  vill  provide  the  entire  time  remaining  at  10  FSW,  this  display  could 
be  used  if  the  stop  time  display  is  pegged  out  at  99  minutes. 

The  varnlng  lights  as  provided  on  the  Divetronic  model  includes  some 
auxiliary  display  functions  vhich  may  be  confusing  to  the  diver  and  are  not 
useful.  The  display  output  should  be  steady  except  vhen  the  warning  status  is 
activated.  Display  reprogramming  vill  be  discussed  later.  A  means  of 
covering  the  display  (i.e.  velcro  cover  or  other  means)  is  needed  for  Special 
Warfare  use. 

4.  Warning  Status.  A  revised  warning  status  algorithm  vill  be 
provided  separately.  The  varning  status  algorithm  programmed  in  the  current 
units  is  unsuitable. 

5.  Battery  Duration.  The  ORCA  UDM  did  not  provide  backlighting  so 
the  battery  duration  vith  the  display  fully  illuminated  could  not  be  tested. 
The  Divetronic  units  generally  jt  the  USN  specifications,  hovever  this  model 
should  incorporate  a  lov  battery  indicator  vhen  submerged.  Presently  the  low 
battery  indication  function  is  only  provided  vhen  on  the  surface. 

6.  Display  Output  Interface.  Neither  UDM  model  provided  a  port  or 
plug  arrangement  in  order  to. read  the  digital  display  output  information  on  a 
remote  device.  U.S.  Navy  specifications  called  for  an  edge  connector  on  the 
circuit  board  so  that  direct  computer  interface  betveen  the  UDM  and  an 
external  monitoring  device  vould  be  possible  for  test  purposes.  The  absence 
of  such  a  device  required  a  modification  to  the  test  set  up  and  test  procedure 
vhich  required  manual  programming  of  UDM  display  functioning  information  into 
the  HP  1000  computer  for  test  data  production.  Specifically,  manual 
programming  of  UDM  depth,  SAD,  and  warning  status  functioning  information  into 
the  HP  1000  computer  for  direct  comparison  to  HP  1000  algorithm  functioning  on 
the  same  dive  profile  resulted  in  a  variable  degree  of  human  error  which 
effected  the  precise  accuracy  of  test  results.  However  all  profile  times  were 
still  vithin  errors  expected  if  UDM  depth  and  actual  depth  differed  by  1  FSW. 

The  lack  of  compliance  vith  this  specification  on  the  part  of  the 
manufacturer  may  have  been  due  to  developmental,  cost,  or  watertight  integrity 
concerns.  Although  the  test  data  provided  in  this  report  is  considered 
sufficient  to  establish  UDM  profile  tracking  reliability  vithin  a  reasonable 
degree  of  accuracy,  future  UDM  development  should  include  a  digital  display 
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output  Interface  connector.  Tho  advantagee  of  ouch  an  arrangement  indudaa 
simple  and  aeeurata  UDM  taating  at  NKDU  and  float  diving  activitioa. 

7.  Look  Chock  Plug.  Tha  concept  for  uso  of  a  look  chock  plug  ia 
provided  In  Section  III .A. 8.  of  thia  report.  Thin  ahould  be  included  in 
future  modele.  The  UDM  would  be  placed  in  a  pressure  chamber  with  a  hard  pipe 
connected  to  it  through  the  leak  check  port,  which  eztanda  external  to  the 
chanbar  and  la  connected  to  a  aenaitive  preaaure  transducer.  The  UDM  is  then 
pressurised  at  50  FSW  increment*.  Initially  case  compression  will  cause  aome 
pressure  increase,  hut  this  will  atop  if  there  are  no  leaks.  Any  leaks  will 
cause  a  pressure  increase  inside  the  case  which  will  register  on  the  pressure 
transducer.. 

c.  Suitability . for  ABB. 

1.  ORCA  UDM.  The  ORCA  prototype  model  UDMa  suffered  from  reliability 
problems  as  a  result  of  water  leakage  into  the  case  and  failures  of  the 
pressure  transducer.  The  watertight  integrity  and  pressure  transducer 
problems  arc  felt  to  be  inter-related.  The  commercially  available  sport 
diving  model  contains  a  pressure  transducer  which  is  capable  of  a  maximum 
depth  of  160  FSW.  Modification  of  this  transducer  to  meet  U.S.  Navy 
specifications  of  depth  tracking  accuracy  from  0  to  230  FSW  proved  to  be 
unreliable,  resulting  in  leakage  of  transducer  oil  inside  the  case  on  several 
occasions.  This  loss  of  oil  may  have  also  affected  the  watertight  integrity 
within  the  pressure  transducer  cavity,  resulting  in  alight  water  leakage  vhich 
contaminated  the  electronics.  Discussions  with  the  manufacturer  indicates 
that  the  blow  by  threshold  of  the  pressure  transducer  may  have  been  altered 
with  time.  When  this  problem  was  experienced  commercially,  shims  were 
installed  which  were  designed  to  bring  the  blow  by  threshold  back  Into 
originally  specified  tolerances.  The  new  shimmed  transducer  arrangement  was 
not  tested  at  URDU  and  would  require  evaluation  for  reliability. 

.  The  ORCA  UDM  did  not  meet  several  important  U.S.  Navy  specifications. 
Display  backlighting  ia  considered  essential,  and  must  be  developed  for  an 
ORCA  version  of  a  U.S.  Navy  UDM.  Red/Green  light  signalling  functions  for 
violation/ compliance  is  also  considered  essential.  Additionally,  a  threaded 
pressure  transducer  to  accept  a  standard  fitting  is  required  for  acceptance 
and  periodic  UDM  testing  by  fleet  diving  activities. 

Appendix  H  provides  a  more  detailed  human  factors  evaluation  of  the  ORCA 
prototype  UDM  and  dlscuaaes  further  recommended  changes. 

As  a  result  of  the  discrepancies  discussed  above,  profile  tracking  testing 
of  the  ORCA  UDM  was  not  conducted.  The  numerous  design  modifications  which 
are  required  for  this  unit  to  meet  U.S.  Navy  specifications,  as  veil  as  the 
reliability  shortfalls  experienced,  did  not  justify  the  major  investment  of 
man  hours  and  test  equipment  required  to  conduct  this  phase  of  testing.  The 
repetitive  no-decompression  dive  conducted  after  the  four  foot  drop  test 
resulted  in  acceptable  programming  or  one  unit  on  one  dive,  but  this  was  the 
only  profile  tracking  test  conducted  on  any  of  the  ORCA  UDMs.  Therefore 
extensive  dive  profile  testing  is  warranted  prior  to  consideration  of  a  new 
version  of  the  ORCA  UDM  for  U.S.  Navy  use. 


2.  Divetronic  UDM.  This  model  is  a  large,  heavy  UDM,  but  provides 
highly  readable  displays  (including  backlighting),  ease  of  operation  and 
maintenance,  and  acceptable  depth  and  dive  profile  tracking  accuracy  in  a  vide 
temperature  spectrum.  Failure  modes  experienced  during  testing  include  a 
cracked  case  following  a  low  temperature  (108F)  extended  duration  (from  26  to 
95  hours)  battery  duration  test  (although  battery  duration  proved  to  be 
acceptable  during  this  temperature  extreme),  and  failure  of  a  SAD  display  to 
function  on  one  unit,  which  occurred  when  testing  was  nearing  conclusion.  The 
cracked  case  on  unit  795  occurred  after  75  hours  exposure  to  the  10 #F  air 
temperature.  This  is  an  indication  that  this  instrument  should  be  protected 
from  harsh  environmental  extremes  above  water.  High  temperatures  (above  93°F) 
may  also  have  a  detrimental  impact  on  the  electronics,  although  this  was  not 
evaluated  at  REDU.  Overall  reliability  was  proven  by  the  extensive  nature  of 
testing,  including;  continued  handling  over  a  lengthy  time  frame,  mud  test, 

500  FSW  test,  four  foot  drop  test,  and  repeated  pressurizations  at  29°F,  93°F, 
and  ambient  salt  water  temperatures  Electromagnetic  Interference  (EMI) 
testing  has  yet  to  be  conducted  on  these  units. 

3.  Modifications  for  Improved  Compliance  with  USR  Specifications. 

The  Divetronic  UDM  can  be  made  suitable  for  air  or  N2O2  diving  within  a 
restricted  depth/time  domain  if  some  modifications  are  made. 

a.  Display:  Changes  to  display  functioning  are  recommended  for 
simplification  in  accordance  with  human  factor  and  information  processing 
guidelines.  The  stop  time  and  SAD  display  positions  should  be  reversed  so 
that  the  10' s  digit  of  the  SAD  falls  directly  below  the  10' s  digit  of  the 
depth.  The  warning  lights  should  be  relabeled/reconfigured  so  that  the  ascent 
rate  warning  light  illuminates  a  green  LED.  The  three  lights  currently 
available  on  the  Divetronic  UDM  display  should  be  programmed  to  function  as 
follows : 

Green  Light  -  On  if  depth  2  FSW  or  more  below  the  SAD.  Off  at 
all  other  times.  This  light  is  currently  red  on  the. 

Divetronic  prototype  UDM  tested  at  REDU  and  is  used  to 
indicate  too  fast  of  an  ascent  rate. 

Yellow  Deco  Stop  Light  -  On  if  within  2  FSW  deeper  or  1  FSW 
shallower  than  the  SAD.  Off  at  all  other  times.  The  yellow 
and  green  light  should  never  be  on  at  the  same  time. 

Red  Light  -  On  steadily  if  more  than  1  FSW  shallower  than  the 
SAD.  This  mode  will  never  be  on  if  either  the  yellow  or  green 
light  is  on.  Flashing  should  occur  if  either  the  SAD  or  depth 
display  flashes  due  to  activation  of  the  warning  status.  This 
light  is  currently  used  to  indicate  max  depth  out  of  range  on 
the  Divetronic  prototype  UDM  tested  at  NEDU. 

b.  Warning  status:  A  new  warning  status  algorithm  is  provided  as 
Appendix  J.  Additionally,  the  SAD  should  be  programmed  to  flash  if  it  reaches 
90  FSW. 


45 


a".  V'  O  -  ’  *  S 


e.  Programing:  All  current  control  of  display  flashing  and 
warning  light  functioning  should  ba  eliminated.  The  displays  should  read 
steady  unless  the  warning  status  is  activated. 

The  above  modifications  will  make  the  Divetronic  useful  for  N2O2  diving 
breathing  a  0.7  ATA  PO2  for  all  dives  above  the  limit  line  in  the  tables 
presented  in  reference  3.  Additionally,  these  display  modifications  would 
allow  dives  within  the  depth/time  domain  listed  below  if  the  current  air 
algorithm  was  programmed  into  the  units: 


Depth 

(FSW) 

/ 

Time 

(MIR) 

40 

/ 

300 

50 

/ 

240 

60 

/ 

240 

70 

/ 

170 

80 

/ 

150 

90 

/ 

130 

100 

/ 

110 

120 

/ 

90 

130 

/ 

80 

140 

/ 

70 

150 

/ 

60 

160 

/ 

60 

170 

/ 

50 

180 

/ 

50 

190 

/ 

40 

In  all  of  the  above  dives  the  20  FSW  stop  never  exceeds  99  minutes.  In 
some  cases  the  10  FSW  stop  does  exceed  99  minutes  but  in  this  case  the  total 
ascent  time  display  will  show  the  entire  10  FSW  stop  time. 

D.  Specification  Modification.  As  a  result  of  this  evaluation  certain 
aspects  of  the  UDM  specification,  as  previously  discussed,  should  be  changed. 

1.  Depth  Range.  If  the  UDM  is  to  be  used  with  a  nitrogen  diluent  the 
current  specification  is  satisfactory.  However,  if  the  unit  is  eventually  to 
be  used  for  He02  diving  the  depth  range  accuracy  should  be  increased  to 
450  FSW. 


2.  Microprocessor.  Rather  than  an  edge  connector  for  display  output 
a  true  computer  interface  should  be  provided.  The  specifications  for  this  are 
provided  as  Appendix  K. 

3.  Display  Readouts  and  Lights.  Times  in  either  minutes  or 
hours tminutes  are  acceptable.  The  stop  time  display  should  be  3  digits. 

a.  Too  Shallow  Light:  Illuminates  red  steadily  on  if  1  FSW  or 
more  shallower  than  the  SAD,  otherwise  it  is  off  as  long  as  the  warning  status 
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has  not  been  activated.  If  the  warning  status  is  activated  at  any  time  or 
depth  during  the  dive  (either  a  flashing  depth  or  SAD  display)  the  red  light 
should  continue  flashing  until  the  warning  ceases. 

b.  Algorithm  Compliance  Light:  Illuminates  green  steadily  on  if 
2  FSW  or  more  deeper  than  the  SAD.  It  should  flash  on  and  off  if  within 

+2  FSW  to  -1  FSW  of  the  SAD.  Thus  the  diver  will  find  he  is  at  the 
appropriate  stop  depth  without  having  to  turn  on  the  UDM  backlighting.  During 
decompression  the  diver  will  ascend  until  the  green  light  changes  from  steady 
to  flashing,  but  not  so  shallow  so  as  to  illuminate  the  red  light.  When  the 
SAD  decrements  to  the  next  shallower  stop  the  green  light  will  stop  flashing 
and  illuminate  steady,  indicating  ascent  to  the  next  scop  is  possible. 

c.  Combined  Light  Indicator  Functioning:  The  combined  red 
light/green  light  function  will  allow  a  diver  to  know  what  his  decompression 
status  is  at  any  time  without  having  to  turn  on  backlighting.  At  the 
beginning  of  the  dive  the  green  light  will  be  steadily  on.  If  at  any  time  the 
diver  ascends  towards  his  SAD,  the  green  light  will  start  to  flash  when  2  FSW 
deeper  than  the  SAD.  When  he  ascends  more  than  1  FSW  shallower  than  the  SAD 
the  green  light  will  go  out  and  the  red  light  will  be  on  steadily.  When  the 
diver  descends  to  within  1  FSW  of  the  SAD  the  red  light  will  go  out  and  the 
green  light  will  flash  and  become  steady  as  depth  increases.  Tlius  whenever 
the  red  light  is  steadily  on,  the  green  light  is  out. 

If  at  any  time  or  depth  during  the  dive  the  warning  status  is  activated 
then  the  red  light  will  begin  to  flash  (red  light  flashing  could  also  signal  a 
low  battery).  When  the  red  light  flashes  the  diver  will  have  to  turn  on  the 
UDM  backlighting  to  see  exactly  what  the  problem  is  (maximum  depth  exceeded, 
maximum  time  at  current  depth  exceeded,  low  battery).  This  flashing  will  not 
affect  the  green  light,  which  will  be  steadily  on  or  flashing  as  described 
above.  However,  should  the  diver  ascent  shallower  then  the  SAD  the  green 
light  will  extinguish.  Thus  a  flashing  red  with  the  green  on  indicates  a 
warning  but  diver  is  within  algorithm  compliance,  A  flashing  red  light  with 
no  green  light  indicates  a  warning  and  the  diver  too  shallow. 

d.  Case  Identification:  In  addition  to  color  coding,  a 
semipermanent  label  should  be  attached  to  the  face  indicating  the  particular 
algorithm  programmed  into  the  unit. 

VII.  CONCLUSIONS 

A.  ORCA  UDM.  The  ORCA  UDM  proved  to  be  unreliable  and  cannot  be 
recommended  for  ANU  status  without  a  complete  revaluation  of  an  improved  unit. 

B.  Pending  the  successful  outcome  of  EMI  testing,  the  Divetronic  UDM  is 
recommended  for  ANU  status  if  the  following  modifications  are  made: 

•  Display  reconfigured  as  discussed  in  the  Modifications  for  Improved 
Compliance  with  USN  Specification  in  the  discussion  section  of  this 
report  (Section  VI. C. 3. ) . 
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•  Reprogramed  with  revised  warning  status  algorithm  and  40  minute  tissue 
tension  limits,  provided  as  Appendix  J. 

«  Future  UDMs  should  conform  to  the  current  USN  specifications  modified  as 
noted  in  Section  D.  Specification  Modification  in  the  discussion  section 
of  this  report  (Section  VI  .D.). 

•  A  standard  UDM  design  should  be  adopted  which  can  be  used  to  300  FSW. 

For  dives  deeper  than  300  FSW  a  diver  carried  pressure  transducer 
connected  to  a  topside  UDM  may  be  more  appropriate  for  the  rare 
instances  when  bounce  diving  to  these  depths  are  conducted.  Dives  to 
these  depths  might  more  likely  be  conducted  in  a  saturation  mode. 

•  Strong  consideration  should  be  given  to  providing  a  computer  interface 
instead  of  an  edge  connector  for  display  readout.  Proposed 
specifications  for  this  interface  are  provided  as  Appendix  K. 

»  Careful  attention  should  be  paid  to  developing  user  level  UDM  test  and 
verification  procedures  to  ensure  proper  functioning  on  a  regular 
basis.  It  is  preferable  to  conduct  these  checks  without  a  pressure 
chamber  by  using  the  threaded  pressure  transducer  connector.  A  suitably 
programmed  microcomputer  linked  to  the  interface  should  verify  proper 
UDM  functioning  and  accuracy  with  a  minimum  of  manpower  and  effort. 
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1.  Teat  Iltli.  MK  15  UDC  test  and  avaluation. 

2.  Taat  Number.  85-37. 

3.  Rafarancaa 

(a)  NAVSEA  Task  Assignment  84-04 

(b)  NEDU  Taat  Plan  83-17 

(c)  NEDU  Taat  Plan  84-04 

4.  Introduction.  Par  rafaranca  (a),  the  purpose  of  this  teat  la  to  perform 
unmanned  dives  with  prototype  MK  15  UDCs  to  assess  pressure  transducer 
accuracy,  temperature  sensitivity,  battery  duration,  long  term  stability, 
watertight  integrity,  and  unit  correlation  with  NEDU  algorithm.  A  human 
factors  evaluation  will  also  be  conducted.  Including  both  a  bench  evaluation 
(dry),  and  open  water  dives  under  conditions  of  darkness  and  turbid  water. 

This  test  plan  supersedes  references  (b)  and  (c),  and  incorporates  the 
experience  gained  from  previous  UDC  testing  In  the  EDF.  As  additional  testing 
experience  is  gained,  publication  of  a  further  updated  test  plan  may  be 
warranted,  with  the  goal  of  providing  a  standard  test  to  be  used  in  all  UDC 
tests  In  the  future,  including  testing  of  UDCs  programmed  with  other  algorithms 
developed  at  NEDU.  The  UDCs  presently  In  custody  at  NEDU  have  been  programmed 
with  the  0.7  ATA  PPO2  in  N2  Algorithm,  designed  for  use  with  the  MK  15  UBA. 
Development  of  a  standard  test  procedure  to  be  used  by  fleet  units  will  also  be 
required,  which  may  include  development  of  portable  test  equipment. 

5.  Program.  Each  UDC  model  will  undergo  a  comparative  evaluation  under  the 
same  test  conditions  in  accordance  with  this  test  plan.  Proper  functioning  of 
the  UDC  display  will  be  checked  throughout  the  test,  including  monitoring  of 
UDC  timekeeping  accuracy.  The  repetition  of  dives  will  provide  a  basis  for  a 
statistical  evaluation  of  UDC  profile  tracking  accuracy  under  continuous 
handling.  Testing  will  consist  of  five  unmanned  phases,  using  the  Bethlehem 
Chamber  In  the  EDF,  followed  by  a  human  factors  evaluation.  All  tests  are 
provided  below: 

a.  TEST  ONE:  Pressure  Transducer  Accuracy /Temperature  Sensitivity.  Six 
UDC  units  will  be  stored  at  room  temperature  and  placed  in  the  Bethlehem 
Chamber  In  a  saltwater  bath  and  dove  to  a  maximum  depth  of  230  FSW,  stopping  at 
10  FSW  Increments  for  30  seconds  during  both  descents  and  ascents  to  record 
depth  accuracy.  The  purpose  of  these  dives  is  to  test  the  depth  accuracy  of 
the  UDC's  pressure  transducer.  UDC  depth  readings  will  be  compared  against 
those  of  the  Bethlehem  Chamber  digital  depth  gauge  which  had  been  previously 
calibrated.  Each  unit  will  be  tested  in  this  manner  at  93s  and  29°F  water 
temperature,  pressing  all  six  units  of  the  same  model  simultaneously  on  each 
dive  when  possible.  All  units  will  be  dove  six  times  at  each  water 
temperature.  All  units  will  have  the  depth  accuracy  manually  recorded  at  each 
10  FSW  stop.  A  chart  comparing  chamber  depth  versus  individual  UDC  depth 
readings  will  be  compiled. 

b.  TEST  TWO:  Long  Term  Stability /Temperature  Sensitivity.  Six  units  will 
be  stored  at  room  temperature  and  placed  in  the  Bethlehem  Chamber  in  a 
saltwater  bath  and  dove  to  a  maximum  depth  of  230  FSW,  stopping  at  50  FSW 
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increments  during  boch  descents  end  ascents  for  30  minutes,  and  230  FSW  for  30 
minutes.  Each  unit  will  be  tested  in  this  manner  at  93°  and  29*F,  pressing  all 
six  units  of  the  same  model  simultaneously  when  possible.  All  units  will  be 
dove  six  times  at  each  water  temperature,  plotting  one  unit  during  each  dive, 
for  a  total  of  12  dives  for  each  unit,  and  two  plots  for  each  unit.  Those 
units  which  are  not  plotted  on  an  individual  dive  will  have  the  depth  accuracy 
manually  recorded  at  each  SO  FSW  and  at  the  230  FSW  stop. 

c.  TEST  THREE t  Battery  Duration. 

(1)  Battery  duration  data  will  be  logged  during  all  phases  of  the 
teat.  Those  UDCs  which  use  nonrecharge able  batteries  will  be  operated  with 
both  commercially  available  alkaline  batteries  and  lead-acid  batteries 
available  through  the  Navy  supply  system. 

(2)  In  order  to  provide  a  more  specific  battery  duration  test  for  long 
duration  functioning,  all  units  will  be  maintained  at  a  depth  of  50  FSW, 
recording  the  time  at  which  a  low  battery  Indication  is  given.  Monitoring  will 
continue  until  the  unit  fails.  Those  units  which  do  not  provide  a  low  battery 
indication  will  be  monitored  until  the  unit  fails.  This  test  will  be  conducted 
at  29*F. 

d.  TEST  FOUR;  Profile  Tracking.  All  units  will  be  dove  in  a  saltwater 
bath  in  the  Bethlehem  Chamber  in  accordance  with  the  profiles  listed  In 
Table  1.  The  purpose  of  this  test  is  to  confirm  the  correlation  of  the  units 
software  with  NEDU'a  decompression  algorithm  for  a  constant  PPO2  of  .7  ATA  in 
nitrogen.  The  standard  dive  profiles  to  which  the  UDCs  will  be  compared  will 
be  generated  by  a  Hewlett  Packard  1000  M  Series  Computer. 

e.  TEST  FIVE:  Watertight  Integrity.  Watertight  integrity  will  be 
monitored  throughout  the  test.  Upon  completion  of  all  testing,  all  units  will 
be  disassembled  to  check  for  water  inside  the  case. 

f .  TEST  SIX:  Human  Factors  Evaluation. 

(1)  Each  manufacturer's  unit  type  will  undergo  a  dry  bench  evaluation 
for  conformance  to  human  factors  specifications  as  published  in  the  Commerce 
Business  Daily.  Physical  characteristics  of  each  unit  type  will  be  assessed 
using  standard  human  factors  engineering  procedures  and  guidelines,  and 
photodocumentation  of  each  unit  will  be  accomplished.  Wearing  and  use  of  each 
unit  type  will  be  evaluated  from  an  operational  perspective,  including 
unassisted  donning  and  doffing  and  operation  of  on-off  switch  when  wearing 
thermal  protective  garments. 

(2)  During  manned  in-water  human  factor  evaluations,  a  human  factors 
questionnaire  will  be  completed  by  each  diver. 

6.  Preliminary  Arrangements 

a.  NEDU  has  custody  of  six  Orca  UDC  prototypes.  The  Divetronics  UDC 
prototypes  were  recently  returned  to  the  manufacturer  after  testing  per 
reference  (c).  Arrival  of  six  Tekna  UDC  prototypes  is  anticipated  in  the  near 
future.  The  Tekna  UDCs  will  be  tested  upon  receipt. 
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b.  Umuimid  testing  will  take  place  in  the  EDF,  using  the  Bethlehem 
chamber  and  HP  1000  computer. 

c.  The  EOF  heating  and  cooling  loop  will  be  used  to  maintain  the  test 
temperatures  in  the  Bethlehem  chamber.  A  propylene  glycol/water  solution  is  to 
be  used  to  achieve  a  temperature  of  29 *F. 

d.  All  external  leads  will  be  run  so  that  they  can  be  operated  at  the 
Bethlehem  console.  A  miniaturized  closed  circuit  TV  monitoring  system  will  be 
Installed  in  the  Bethlehem  chamber  in  order  to  monitor  UDC  display  readout  from 
the  Bethlehem  console.  Information  read  from  the  UDC  display  via  the  TV 
monitor  will  be  entered  manually  into  the  HP  1000  M  series  computer  by  direct 
Interrupt  control  box. 

7 .  Unmanned  Test  Procedure 


a.  Test  Equipment: 

(1)  Bethlehem  2000  FSW  chamber. 

(2)  Vail dyne  pressure  transducer. 

(3)  Javelin  closed  circuit  TV  monitoring  system. 

(4)  Heise  depth  gauge  and  Mensor  depth  gauge. 

(5)  Hewlett  Packard  M  series  computer. 

(6)  Dlgitec  digital  thermometer. 

(7)  Monte  Carlo  stop  watch. 

b.  Parameters  to  be  controlled: 

(1)  Depths  0-230  FSW. 

(2)  Temperatures  29°  and  93°F. 

c.  Parameters  to  be  measured: 

(1)  Depth  accuracy. 

(2)  UDC  algorithm  compliance. 

(3)  Battery  duration. 

(4)  UDC  timekeeping  accuracy. 

d.  Data  to  be  plotted: 

(1)  Depth  accuracy. 

(2)  UDC  algorithm  compliance. 
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(3)  Warning  status  tftit 


a.  Test  plan  for  pressure  transducer  accuracy,  long  term  stability, 
battery  deration,  and  watertight  integrity  testing: 

(1)  Establish  designated  temperature  in  UDC  bath  solution  in  Bethlehem 

arc. 

(2)  Insure  proper  UDC  functioning  in  accordance  with  manufacturer's 
manual  when  unit  is  turned  on* 

(3)  Chamber  on  surface. 

(4)  Adjust  the  voltage  output  of  the  Validyne  transducer  to  coincide 
with  the  span  pressure  of  the  Helse  gauge  and  Mensor  gauge. 

(5)  Pressurize  chamber. 

(6)  Manually  enter  UDC  display  depth  into  computer  using  direct 
Interrupt  control  box  during  pressure  transducer  accuracy  testing,  warning 
status  testing,  and  long  term  stability  testing.  Data  will  not  be  entered  in 
the  computer  for  battery  duration  testing,  no  decompression  dives,  or 
watertight  integrity  testing,  but  will  be  manually  recorded. 

(7)  Bring  chamber  to  surface. 

(8)  Record  total  hattery  hours  for  battery  duration  charts. 

8*  Post  Test  Arrangements.  UDCs  will  be  rinsed  and  dried  after  use. 

9.  Personnel 

a.  Number  required:  4 

b.  Duty /names : 

(1)  Task  Leader:  LT  C.G.  Presswood. 

(2)  Test  Engineer:  as  assigned. 

(3)  EDF  Bethlehem  Chamber  Maintainsr/Operator:  Mr.  D.  Cowgill. 

(4)  EDF  Bethlehem  Chamber  Operator:  as  assigned. 

10.  Safety  Rules  and  Precautions.  As  specified  by  the  EDF  Operations  Manual. 

11.  Logistic  Support 

a.  Air  supply  to  Bethlehem  chamber* 

b.  Propylene  glycol. 

c.  Salt. 
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12.  Funding*  NAVSEA  06Z. 

13.  Security.  Nightly  secure  UDCs  in  locked  storage. 

Report  Production.  A  written  report  will  be  forwarded  from  NEDU  to  NAVSEA 
( OOC),  with  copy  to  NAVSEA  (06Z),  within  60  days  of  the  completion  of  all 
required  tests. 
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TABLE  1 


TEST  PROFILES 
(NEDU  TEST  PLAN  85-37) 

I.  NO  DECOMPRESSION  DIVES: 


a. 

40 

FSW 

b. 

60 

FSW 

c. 

80 

FSW 

d. 

100 

FSW 

e. 

0 

CM 

H 

• 

FSW 

f. 

140 

FSW 

8* 

150 

FSW 

Each  diva  will  ba  made  aa  a  tingle  dive  (no  repetitive  dives).  No 
decompression  tine  is  defined  as  all  ties  prior  to  the  tine  at  which  the  Safe 
Ascent  Depth  (SAD)  changes  from  0  to  10  FSW.  The  UDC  no  decompression  tine 
will  be  compared  with  the  HP  1000  computer  no  deconpression  tine.  Each  unit 
will  be  tested  at  29*F. 

II.  REPETITIVE  DIVES: 

a.  60  Ft  No  Deconpression 

1  Hr  Surface  Interval  at  1  Ft 
120  Ft  No  Deconpression 

b.  60  Ft  No  Deconpression 

1  Hr  Surface  Interval  at  5  Ft 
120  Ft  No  Decompression 

This  te^t  is  designed  to  test  the  UDC's  switch  from  PPO2  of  .7  to  PP02  of 
.21  at  3  FSW.  A  comparison  of  the  profiles  will  determine  proper  functioning. 

A  graph  will  be  generated  on  one  unit  during  dive,  which  will  indicate  HP  1000 
computer  profile  compared  to  UDC  profile.  Each  unit  will  be  tested  at  29°F. 

III.  DECOMPRESSION  DIVES: 

a.  175  FSW  60  Min 

b.  150  FSW  30  Min 
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The  UDC  decompression  profile  will  be  coopered  to  the  HP  1000  computer 
decompression  profile.  Teec  e.  will  be  conducted  et  93*  end  29*P.  Teet  b. 
will  be  conducted  et  29*F. 

IV.  REPETITIVE  DECOMPRESSION  DIVES: 

e.  ISO  FSV  30  Min 


1  Hr  Surface  Interval 
150  FSV  30  Min 


The  UDC  repetitive  decoepreeslqn  profiles  will  be  coopered  to  the  HP  1000 
ctomputar  profile.  This  test  will  be  conducted  at  29*F. 


V.  WARNING  STATUS  TEST: 


a.  150  FSV 


Until  Safe  Ascent  Depth  (SAD)  flashes. 


Ascend  to  30  FSV  Verify  that  SAD  secures  flashing,  then 

increase  depth  until  SAD  resumes  flashing, 
and  stay  at  that  depth  until  SAD  secures 
flashing.  Record  time  of  HP  1000  computer 
Indication  that  flashing  should  stop, 
record  depth. 


Descent  to  150  FSW  Hold  depth  until  SAD  flashes,  record 

elapsed  time,  decompress  to  surface,  record 
time  SAD  secures  flashing. 

I 

All  UDC  profiles  will  be  compared  with  HP  1000  computer.  This  test  will 
be  conducted  at  29 *F. 
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APPENDIX  B1 

PBSSSUBE  TSAHS DOCKS  ACCUKACY/TKMPKSAXUEK  SENSITIVITY  DATA 
OSCA  UDM  AX  29*F  AND  93*F 

Actual  duibar  depth  and  comparative  UDM  depth  readings  are  charted  at 
10  FSW  incraaenta  during  deecent  and  aacent  aa  29*F  and  93*F  water 
temperaturaa .  Six  divea  are  charted  for  each  UDM  at  each  water  temperature 
to  a  maximum  depth  of  230  FSW. 
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Figure  B1 

PRESSURE  TRANSDUCER  ACCURACY/TEHPBRATURE  SENSITIVITY 
29*F  HATER  TEMPERATURE,  DIVE  *1 
10  FSV  INCREMENTS 
ORCA  CDH 


-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
1  Descent 
T  Ascent 


Chamber 


Figure  B2 

PRESSURE  TRANSDUCES  ACCURACY/TEMPERATURE  SENSITIVITY 
29*F  WATER  TEMPERATURE,  DIVE  #2 
10  FSW  INCREMENTS 
ORCA  DDM 

UDM  Depth  Reading 


Depth  Unit  1173  Unit  1172  Unit  1171  Unit  01C7  Unit  1170  Unit  1190 


—2D. 


110  FSV 
_JL2Q_ESi 
130  FSV 


m  rsw.. 


180  FSW 

180 

183* 

190  FSW 

190 

190 

192 

200  FSW 

200. 

200 

203* 

210  FSW 

210 

210 

213* 

220  FSW 

220 

220 

222 

230  FSW  1 

,  2.3.2. 

*  152. 
IJiii 
*.212*. 

*  163* 
_JLS2._ 

*  203* 

*  213* 

099 


L  .2J.2.  l-m. 


~  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
1  Descent 
t  Ascent 


Figure  B3 

PRESSURE  TRANSDUCER  AC CURACY /TEMPERATURE  SENSITIVITY 
29*F  HATES  TEMPERATURE,  DIVE  #3 
10  FSW  INCREMENTS 
ORCA  UDM 


Chamber 

Depth 

UDM  Depth  Reading 

Unit  1173 

_ 

Unit  1172 

Unit  1171 

Unit  0107 

Unit  1170 

Unit  1190 

10  FSW 

1 

T 

1 

T 

l 

t 

l 

T 

i 

T 

i 

T 

0 

0 

L  _  0. 

0 

0 

0 

10 

10 

11 

12 

11 

11 

11 

10 

10 

10 

10 

20  FSW 

20 

20 

21 

_21_ 

22 

21 

.  20 

20 

20 

20 

20 

20 

30  FSW 

30 

30 

32 

31 

33* 

32 

30 

30 

30 

30 

30 

30 

40  FSW 

41 

40 

42 

42 

42 

42 

40 

40 

40 

40 

40 

40 

SO  FSW 

50 

51 

51 

50 

52 

52 

50 

50 

50 

50 

50 

50 

60  FSW 

60 

60 

60 

61 

63* 

62 

61 

61 

60 

60 

60 

60 

70  FSW 

70 

70 

72 

72 

72 

72 

70 

71 

71 

70 

70 

70 

80  FSW 

81 

80 

82 

32 

83* 

82 

81 

81 

81 

80 

80 

80 

90  FSW 

90 

90 

92 

91 

93* 

92 

90 

91 

91 

90 

90 

90 

100  FSW 

101 

100 

102 

102 

103* 

103* 

101 

101 

101 

101 

101 

101 

110  FSW 

111 

111 

112 

112 

113* 

113* 

110 

110 

111 

111 

110 

110 

120  FSW 

120 

120 

122 

122 

123* 

123* 

120 

120 

120 

120 

120 

120 

130  FSW 

131 

133* 

133* 

133* 

133* 

130 

130 

130 

130 

130 

130 

140  FSW 

140 

140 

143* 

143* 

143* 

143* 

140 

140 

141 

141 

140 

140 

150  FSW 

151 

150 

153* 

153* 

153* 

152 

150 

150 

151 

151 

150 

150 

160  FSW 

160 

160 

163* 

163* 

163* 

162 

160 

160 

161 

161 

160 

160 

170  FSW 

171 

JLZ1 

173* 

173* 

173* 

172 

169 

169 

170 

170 

170 

170 

180  FSW 

180 

180 

183* 

183* 

182 

182 

179 

179 

180 

180 

180 

180 

190  FSW 

190 

190 

193* 

193* 

193* 

193* 

188 

189 

190 

190 

190 

190 

200  FSW 

200 

200 

202 

202 

202 

202 

199 

199 

201 

200 

200 

200 

210  FSW 

210 

210 

212 

211 

212 

211 

209 

210 

210 

210 

210 

210 

220  FSW 

218 

218 

222 

221 

222 

222 

218 

218 

220 

220 

220 

220 

229 

232 

231 

228 

230 

-.226* 

-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
1  Descent 
T  Ascent 


Figure  B4 

PRESSURE  TRANSDUCES  ACCURACY/TEMPERATURE  SENSITIVITY 
29*F  WATER  TEMPERATURE,  DIVE  #4 
10  FSW  INCREMENTS 
ORCA  TOM 


Chamber 

Depth 


D'lpth  Reading 


Unit  1171  Unit  0107  Unit  1170  Unit  1190 


iwaM 

itifei— — 

IRMURW9IMH1I 


lijnnngmi 

iwmmmmi 

Miiiiini 


-12SLES! 


-21.Q.J 

-220-J. 


-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
l  Descent 
T  Ascent 


Bi-5 


Figure  B5 

PEGS  SURE  TRANSDUCER  ACCURACY/ TEMPERATURE  SENSITIVITY 
29*F  MATER  TEMPERATURE,  DIVE  #5 
10  FSW  INCREMENTS 
ORCA  UDM 


Chamber 

Depth 

UDM  Depth  Reading 

Gait  1173 

Unit  1172 

Unit  1171 

Unit  0107 

Unit  1170 

Unit  1190 

10  FSW 

X 

t 

X 

I 

X 

t 

1  (  T 

X 

T 

i 

T 

0 

0 

0 
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0 

0 

_ 

10 

10 

11 

10 

11 

11 
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10 

9 

8 

9 

9 

20  FSW 

20 

20 

21 

21 

21 

21 

19 

20 

19 

19 

19 

19 

30  FSW 

30 

30 

31 

31 

_  3L_ 

31 

29 

29 

29 

29 

29 

29 

40  FSW 

40 

40 

41 

41 

41 

41 

_  39 

39 

39 

39 

39 

39 

50  FSW 

50 

50 

51 

51 

51 

51 

49 

49 

49 

49 

49 

49 

60  FSW 

60 

00 

61 

61 

61 

61 

59 

59 

59 

59 

59 

59 

70  FSW 

70 

70 

71 

71 

71 

71 

69 

69 

69 

_62_ 

69 

69 
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80 

80 

81 

81 

81 

81 

79 

79 

79 

79 

79 

79 

90  FSW 

90 

90 

91 

91 

92 

91 

89 

_J2_ 

89 

89 

89 

89 

100  FSW 

10Q 

100 

102 

102 

102 

102 

99 

99 

100 

99 

99 

99 

110  FSW 

110 

110 

112 

112 

U2_ 

112 

109 

109 

110 

109 

_  109 

109 

120  FSW 

l?.o 

120 

122 

122 

122 

122 

118 

119 

120 

119 

119 

119 

130  FSW 

130 

130 

132 

132 

132 

132 

128 

129 

130 

129 

129 

129 

140  FSW 

140 

140 

142 

142 

142 

142 

138 

139 

140 

140 

139 

122 

150  FSW 

150 

150 

152 

152 

152 

151 

148 

148 

150 

150 

149 
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160  FSW 

160 

160 

162 

162 

161 

161 

158 

158 

160 

159 
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159 

170  FSW 

169 

170 

172 

122. 

171 

171 

168 

170 

170 

169 

169 

180  FSW 

179 

179 

182 

182 

181 

181 

178 

178 

180 

179 

175 

179 

190  FSW 

189 

189 

192 

192 

191 

191 

187* 

187* 

190 

189 

189 

189 

200  FSW 

199. 

199 

202 

202 

202 

201 

197* 

222*. 

200 

199 

199 

199 _ 

210  FSW 

209 

209 

212 

212 

211 

ilL_ 

207* 

207* 

210 

210 

_2G9 

222- 

220  FSW 

219 

219 

222 

222 

220 

221 

217* 

217* 

220 

220 

219 

212^ 

230  ISSL_ 

229 

233* 

_ 231_ 

227* 

..22&_ 

2221 

-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
1  Descent 
t  Ascent 


Bl-6 


Figure  B6 

PRESSURE  TRANSDUCER  ACCURACY/TEMPERATURE  SENSITIVITY 
29*F  WATER  TEMPERATURE,  DIVE  *6 
10  FSW  INCREMENTS 
ORCA  TDK 


Chamber  _ _ UDM  Depth  Reading  < _ 

Depth  Unit  1173  Unit  1172  Unit  1171  Unit  0107  jUnit  1170  Unit  1190 


Unit  ] 

L190 

l 

T 

Bn 

_ 2_ 

_&£L 


141L. 


ZZSl. 


230  FSW  I  229 


-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
i  Descent 
t  Ascent 


Figure  B7 

PRESSURE  TRANSDUCER  ACCURACY/TEMPERATURE  SENSITIVITY 
93*F  WAXES  TEMPERATURE,  DIVE  #1 
10  FSV  INCREMENTS 
OSCA  UDM 


-  Indicates  no  reading  taken 
l  Descent 
T  Ascent 


[ 


Bl-8 


Figure  B8 

PRESSURE  TEARS  DUCKS  ACCUSACY/TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVE  *2 
10  FSW  INCREMENTS 
ORCA  UDM 


Chamber 


Depth  Reading 


Depth  I Unit  1173  Unit  1172  Unit  1171  Unit  0107  Unit  1170  Unit  1190 


+  Indicates  unit  went  blank 
-  Indicates  no  reading  taken 
1  Descent 
T  Ascent 


Bl-9 


Figure  B9 

PRESSURE  TRANSDUCES  ACCURACY, /TEHPESATUXE  SENSITIVITY 
93T  WAXES  TEMPERATURE,  DIVE  #3 
10  FSW  INCREMENTS 
02CA  UDK 


-  Indicates  no  reading  taken 
i  Descent 
f  Ascent 


Bl-10 


Figure  BIO 

PBESSUBB  TRANSDUCES  ACCURACT/TEMPESATURE  SENSITIVITY 
93*F  WAXES  TEMPERATURE,  DIVE  #4 
10  FEW  INCREMENTS 
ORCA  UDM 


Chamber 


UDH  Depth  Seeding 


Depth  Unit  1173  Unit  1172  Unit  1171  Unit  0107  Unit  1170  Unit  1190 


-  Indicates  no  reading  taken 
1  Descent 
T  Ascent 
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Figure  Bll 

PRESSURE  TRANSDUCER  ACCURACY/TEMFERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVE  #5 
10  FSW  INCREMENTS 
OSCA  UUM 
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Figure  B12 

PRESSURE  TRANSDUCES  ACCURACY /TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVE  #6 
10  FSW  INCREMENTS 
ORCA  UDH 


-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
i  Descent 
T  Ascent 


APPENDIX  E2 

PBE3SUKX  TEANS DUCES  ACCURACY /TEMPERATURE  SENSITIVITY  DATA 
DXVmONIC  DBM  AT  29*F  AND  93*F 


Actual  chamber  depth  and  comparative  UDM  dapth  readings  ara  charted  at 
10  FSW  increawnta  daring  descant  and  aacant  as  29*F  and  93*F  water 
temperatures.  Six  divas  ara  charted  for  each  UDM  at  each  water  temerature 
to  a  maximum  dapth  of  230  FSW. 
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Figure  B13 

PBK3SUBX  TEAHS DUCKS  ACCUEACT /TEMPKBATUBE  SKlfSITIVITT  TEST 
29*F  WATKB  TKMPKEATUEB,  DIVE  #1 
10  FSW  IHCBZMKHTS 
DIVETEOHIC  UDM 
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Figure  B14 

PEES3USE  TSAHS DUCES  ACCPKACY/TfcffPEKATUSX  SRFSITIVITT  TEST 
29*P  VATU  TEMPSBATUKX ,  DIVE  #2 
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*  Readings  outside  of  ±2  FSW  specification 
i  Descent 
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Figure  B15 

PRESSURE  TRANSDUCER  ACCURACY /TEMPERATURE  SENSITIVITY  TEST 
29 *F  WATER  TEMPERATURE,  DIVE  #3 
10  FSW  INCREMENTS 
DIVETRONIC  UDM 
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Figure  B16 

PRESSURE  TRANSDUCER  ACCURACY/TEMPERATURE  SENSITIVITY  TEST 
29*F  WATER  TEMPERATURE,  DIVE  #4 
10  FSW  INCREMENTS 
DIVETRONIC  UDM 
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Figure  B17 

PRESSURE  TRANSDUCER  ACCURACY/TEMPERATURE  SENSITIVITY  TEST 
29 *F  WATER  TEMPERATURE,  DIVE  #5 
10  FSW  INCREMENTS 
DIVETRONIC  UDM 


-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
1  Descent 
T  Ascent 


Figure  B18 

PRESSURE  TRANSDUCER  ACCURACY/TEMPERATURE  SENSITIVITY  TEST 
29’F  WATER  TEMPERATURE,  DIVE  #6 
10  FSW  INCREMENTS 
DIVETRONIC  UDM 
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-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
i  Descent 
T  Ascent 
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Figure  B19 

PRESSURE  TRANSDUCES  ACCURACY/TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVi.  #1 
10  FSW  INCREMENTS 
DIVETRONIC  UDM 


-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
l  Descent 
t  Ascent 


B2— 8 


Figure  B20 

PRESSURE  TRANSDUCER  ACCURACY/TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVE  #2 
10  FSW  INCREMENTS 
DIVETRONIC  UDM 
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PRBSSURB  TRANSDUCER  ACCURACY/TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVE  #3 
10  FSW  INCREMENTS 
DIVETRONIC  UDM 


-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
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Figure  B22 

PRESSURE  TRANSDUCER  ACCURACY/TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVE  #4 
10  FSW  INCREMENTS 
DIVETRONIC  UDM 
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-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
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Figure  B23 

PRESSURE  TRANSDUCER  ACCURACY/TEMPERATURE  SENSITIVITY 
93*7  WATER  TEMPERATURE,  DIVE  #5 
10  FSW  INCREMENTS 
DIVETRONIC  UDM 


-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
l  Descent 
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Figure  B2A 

PRES SUBS  TRANSDUCER  ACCURACY/TEMPERATURE  SENSITIVITY 
93#F  WATER  TEMPERATURE,  DIVE  #6 
10  FSW  INCREMENTS 
DIVETRONIC  UDM 
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APPENDIX  Cl 

LONG  TEEM  STAfilLITT/TEMPRPAlTTRE  SENSITIVITY  DATA 
08CA  UD«  AT  29aF  AND  93aF 

Actual  chamber  depth  and  comparative  UDM  depth  readings  are  charted  at 
SO  FSW  increments  and  at  230  FSW,  recording  UDM  depth  readings  at  the 
beginning  and  end  of  each  30  minute  stop  at  each  depth  Increment  during 
descent  and  ascent  as  29aF  and  93aF  water  temperatures.  Six  dives  are  charted 
for  each  UDM  at  each  water  temperature  to  a  maximum  depth  of  230  FSW. 

KEY: 

Figure  Cl  :  ORCA  UDM  at  29*F  Water  Temperature,  Dive  #1 

Figure  C2  :  ORCA  UDM  at  29aF  Water  Temperature,  Dive  #2 

Figure  C3  :  ORCA  UDM  at  29*F  Water  Temperature,  Dive  #3 

Figure  C4  :  ORCA  UDM  at  29aF  Water  Temperature,  Dive  #4 

Figure  C5  :  ORCA  UDM  at  29 °F  Water  Temperature,  Dive  #5 

Figure  C6  :  ORCA  UDM  at  29*F  Water  Temperature,  Dive  #6 

Figure  C7  :  ORCA  UTM  at  93aF  Water  Temperature,  Dive  #1 

Figure  C8  :  ORCA  UDM  at  93aF  Water  Temperature,  Dive  #2 

Figure  C9  :  ORCA  UDM  at  93aF  Water  Temperature,  Dive  #3 

Figure  CIO:  ORCA  UDM  at  93aF  Water  Temperature,  Dive  #4 

Figure  Clls  ORCA  UDM  at  93aF  Water  Temperature,  Dive  #5 

Figure  C12:  ORCA  UDM  at  93*F  Water  Temperature,  Dive  #6 


Figure  Cl 

LOITC  TERM  STABILITY/TEMPERATURE  SE5SITIVITY 
29*F  WATER  TEMPERATURE,  DIVE  #1 
30  MIIfCTE  STOPS  AT  50  FSW  IHCREMERTS  AND  AT  230  FSW 
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End  >  UDM  Depth  Reading  at  End  of  30  Minute  Stop 
-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
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Figure  C2 

LOWS  TERM  STABILITY /TEMPERATURE  SENSITIVITY 
29*F  WATER  TEMPERATURE,  DIVE  #2 
30  MINUTE  STOPS  AT  50  FSW  INCREMENTS  AND  AT  230  FSW 
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-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
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Figure  C3 

LOUS  TERM  STABILITY/TEMPESATURE  SENSITIVITY 
29*F  WAIKS  TEMPERATURE,  DIVE  *3 
30  MINUTE  STOPS  AT  SO  PSW  INCREMENTS  AMD  AT  230  PSW 
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End  ■  UDM  Depth  Seeding  et  End  of  30  Minute  Stop 
-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSV  specification 
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Figure  C4 

LONS  TERM  STABILITY/TEMPERATURE  SENSITIVITY 
29*F  WATER  TEMPERATURE,  DIVE  #4 
30  MINUTE  STOPS  AT  50  FSW  IF"REMENTS  AND  AT  230  FSW 
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Figure  C5 

LONG  TERM  STABILITY/TEMPERATURE  SENSITIVITY 
29*F  WATLR  TEMPERATURE,  DIVE  #5 
30  MINUTE  STOPS  AT  30  PSW  INCREMENTS  AND  AT  230  FSW 
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Begin  «  UDM  Depth  Reeding  et  Beginning  of  30  Minute  Depth  Stop 
End  -  UDM  Depth  Reading  at  End  of  30  Minute  Stop 
-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
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Figure  C6 

LO!TC  TERM  STABILITY /TEMPERATURE  SENSITIVITY 
29*F  WATER  TEMPERATURE,  DIVE  #6 
30  MINUTE  STOPS  AT  50  FSW  INCREMENTS  AND  AT  230  FSW 
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Figure  C7 

LONG  TERM  STABILITY /TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVE  #1 
30  MINUTE  STOPS  AT  SO  FSV  INCREMENTS  AND  AT  230  FSW 
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Figure  C8 

LOWS  TEEM  STABILITY /TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVE  #2 
30  MINUTE  STOPS  AT  50  FSW  INCREMENTS  AND  AT  230  FSW 

ORCA  UDM 


Chamber 

UDM  Depth  Reading 

Depth 

Uhit  1173 

unit  1172 

Unit  1171 

Unit  0107 

Unit  1170 

Unit  1190 

Begin 

End 

Begin 

End 

Begin 

End 

Begin 

End 

Begin 

End 

Begin 

End 

0  FSW 

0 

^  • 

0 

0 

0 

0 

.  0 

__ 

50  FSW 

11* 

4* 

49 

49 

49 

49 

50 

50 

.  13* 

5* 

50 

50 

100  FSW 

13* 

6* 

99 

100 

100 

100 

100 

100 

18* 

8* 

99 

100 

150  FSW 

19* 

19* 

149 

149 

_  150 

150 

149 

150 

29* 

24* 

149 

149 

2C3FSW 

45* 

30* 

199 

199 

200 

199 

199 

199 

66* 

62* 

199 

199 

230  FSW 

58* 

55* 

229 

229 

229 

228 

229 

229 

_  91* 

87* 

229 

229 

200  FSW 

-  59* 

79* 

199 

199 

198 

198 

200 

199 

85* 

101* 

199 

199 

150  FSW 

33* 

17* 

149 

149 

150 

ISO 

150 

149 

53* 

41* 

.149 

149 

100  FSW 

0* 

0* 

99 

99 

98 

98 

100 

100 

0* 

0* 

99 

99 

50  FSW 

0* 

0* 

49  _ 

50 

49 

49 

50 

_5fl_ 

0* 

3* 

50 

50 

_ JLISSL 

—  Q— 

_ Q_ 

_  0- 

0 

Q.. 

Begin  -  UDM  Depth  Reeding  at  Beginning  of  30  Minute  Depth  Stop 
End  ■  UDM  Depth  Reading  at  End  of  30  Minute  Stop 
-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 


Cl-9 


-J  ■«_!  :  wii  # 


•f*  -  A  \J*  i  l  '  kA  •  J  -J*.  •  ‘V*.  ^  ' 


Figure  C9 

LOWS  TERM  STABILITY  /TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVE  #3 
30  MINUTE  STOPS  AT  50  PSW  INCREMENTS  AND  AT  230  FSW 
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Figure  CIO 

LONS  TERM  STABILITY/TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE ,  DIVE  #4 
30  NI1IUTE  STOPS  AT  SO  PSW  INCREMENTS  AND  AT  230  FSW 
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Figure  Cll 

LOHC  TERM  S1A3ILITY/TIMPSRATURS  SEH3ITIVITY 
V3*F  WATER  TEMPERATURE,  DIVE  #5 
30  (CHUTE  STOPS  AT  50  FSV  IHCREMEHTS  AND  AT  230  FSV 
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LONG  TERM  STABILITY /TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVE  *6 
30  MINUTE  STOPS  AT  50  FSV  INCREMENTS  AND  AT  230  FSW 
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APPENDIX  C2 

LONG  TEEM  STABILITY /TEMPEBATURS  SENSITIVITY  DATA 
DIVETEONIC  UDM  AT  29aF  AND  93aF 


Actual  chamber  depth  and  comparative  UDM  depth  readings  are  charted  at 
5Q  FSW  increaenta  and  at  230  FSW,  recording  UDM  depth  readings  at  the 
beginning  and  and  of  each  30  minute  atop  at  each  depth  increment  during 
deacent  and  aacont  as  29*F  and  93aF  water  temperatures.  Six  dives  are  charted 
for  each  UDM  at  each  water  temperature  to  a  maximum  depth  of  230  FSW. 

KEY: 

Figure  C13:  Divetronic  UDM  at  29*F  Water  Temperature,  Dive  #1 

Figure  C14:  Divetronic  UDM  at  29*F  Water  Temperature,  Dive  #2 

Figure  CIS:  Divetronic  UDM  at  29*F  Water  Temperature,  Dive  #3 

Figure  C16:  Divetronic  UDM  at  29aF  Water  Temperature,  Dive  #4 

Figure  C17:  Divetronic  UDM  at  29*F  Water  Temperature,  Dive  #5 

Figure  CIS:  Divetronic  UDM  at  29aF  Water  Temperature,  Dive  #6 

Figure  C19:  Divetronic  UDM  at  93aF  Water  Temperature,  Dive  #1 

Figure  C20:  Divetronic  UDM  at  *3aF  Water  Temperature,  Dive  #2 

Figure  C21:  Divetronic  UDM  at  93*F  Water  Temperature,  Dive  #3 

Figure  C22:  Divetronic  UDM  at  93aF  Water  Temperature,  Dive  #4 

Figure  C23:  Divetronic  UDM  at  93aF  Water  Temperature,  Dive  #5 

Figure  C24:  Divetronic  UDM  at  93ai'  Water  Temperature,  Dive  #6 
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Figure  C13 

LONG  nn  STABILITY/TEMPERATURE  SENSITIVITY 
29*F  WITH  TEMPERATURE,  DIVE  #1 
30  MINUTE  STOPS  AT  50  FSW  INCREMENTS  AND  AT  230  FSW 
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-  Indicates  no  reeding  taken 
*  Readings  outside  of  ±2  FSW  specif! nation 
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Figure  C!/ 

LOIfC  TERM  STABILITY /TEMPERATURE  SENSITIVITY 
29*F  WATER  TBMPERAIORB,  DIVE  #2 
30  MI  ROTE  STOPS  AT  50  FSW  IRCEEKERTS  ARD  AT  230  TSV 
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Figure  C15 

LONG  TFRM  STABILITY/TEMPERATURE  SENSITIVITY 
2S  F  WATER  TEMPERATURE,  DIVE  fi 
30  MINUTE  STOPS  AT  50  FSW  INCREMENTS  AND  AT  230  FSW 
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Figure  C16 

LONG  TEBM  STABILITY /TEMPERATURE  SENSITIVITY 
29*F  WATER  TEMPERATURE,  DIVE  #4 
30  MINUTE  STOPS  AT  50  FSW  INCREMENTS  AND  AT  230  FSW 
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End  ■  UDM  Depth  Reading  at  End  of  30  Minute  Stop 
r  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
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Figure  C17 

LOHG  TEEM  SIABILITY/TEMPERATURE  SENSITIVITY 
29*F  WATER  TEMPERATURE,  DIVE  #5 
30  MINUTE  STOPS  AT  50  FSW  INCREMENTS  AND  AT  230  FSW 

DIVETRONIC  UDM 
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Begin  ■  TOM  Depth  Reading  at  Beginning  of  30  Minute  Depth  Stop 
End  ®  UDM  Depth  Reading  at  End  of  30  Minute  Stop 
-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
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Chamber 

Depth 


Figure  CIS 

LONG  TERM  STABJLITY/TEMPERATURE  SENSITIVITY 
29*F  WATER  TEMPERATURE,  DIVE  #6 
30  MINUTE  STOPS  AT  SO  FSW  INCREMENTS  AND  AT  23C  FSW 

DIVETRONIC  UDM 
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Begin  =  UDM  Depth  Reading  at  Beginning  of  30  Minute  Depth  Stop 
End  m  UDM  Depth  Reading  at  End  of  30  Minute  Stop 
-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
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Figure  C-19 

LONG  TERM  STABILITY /TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE ,  DIVE  #1 
30  MINUTE  STOPS  AT  50  FSW  INCREMENTS  AND  AT  230  FSW 

DIVETRONIC  UDM 
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Begin  ■  UDM  Depth  Reading  at  Beginning  of  30  Minute  Depth  Stop 
End  »  UDM  Depth  Reading  at  End  of  30  Minute  Stop 
-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
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Figure  C-?0 

LONG  TERM  STABILITY/TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVE  #2 
30  MINUTE  STOPS  AT  50  FSW  INCREMENTS  AND  AT  230  FSW 

DIVETRONIC  UDM 
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Begin  *  UDM  Depth  Reading  at  Beginning  of  30  Minute  Depth  Stop 
End  ■  UDM  Depth  Reading  at  End  of  30  Minute  Stop 
-  Indicates  no  reading  taken 
*  Readings  outside  of  ±2  FSW  specification 
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Figure  C-21 

LONG  TERM  STABILITY/TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVE  #3 
30  MINUTE  STOPS  AT  SO  FSW  INCREMENTS  AND  AT  230  FSW 

DIVETRONIC  UDM 
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Begin  ■  UDM  Depth  Reading  at  Beginning  of  30  Minute  Depth  Stop 
End  *  UDM  Depth  Reading  at  End  of  30  Minute  Stop 
-  Indicates  no  reading  taken 
*  Errors  outside  of  ±2  FSW  specification 
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Figure  C-22 

LONG  TERM  STABILITY/TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVE  #4 
30  MINUTE  STOPS  AT  SO  FSW  INCREMENTS  AND  AT  230  FSW 

DIVETRONIC  UDM 


Chamber 

Depth 

UDM  Depth  Reading 

Unit  889 

Unit  215 

Unit  836 

Unit  795 

Unit  864 

Unit  861 

0  FSW 

Ba 

a 

B9 

m 

Begin 

0 

End 

50  FSW 

mm 

m 

HI 

wm 

HI 

n 

HI 

wm 

BIM 

50 

.  50 

50 

100  FSW 

el 

HI 

^n 

HI 

IS 

wm 

nsi 

HI 

m 

HI 

100 

m m 

hi 

tpi 

wm 

F??l 

m 

HI 

wm 

HI 

mi 

151 

fRI 

m 

1^1 

p^i 

HI 

mi 

wm 

HI 

HI 

200 

230  FSW 

IAUH 

iRRS 

wm 

m 

WH 

PSa 

pm 

222* 

lil 

wm 

HI 

^•1 

lil 

lil 

s**i 

iPfSB 

sn 

HI 

200 

im 

wm 

HI 

m 

HI 

lil 

HI 

lil 

wm 

Wl 

Hi 

150 

■HiHl 

HI 

wm 

HI 

m 

HI 

n 

Hi 

lil 

m 

HI 

in 

50  FSW 

HI 

wm 

HI 

wm 

HI 

in 

HI 

Hi 

wm 

in 

HI 

50 

-  0  FSW 

_ Q 

_ 

0 

-0— 

— 0 — 

0 

Begin  ■  UDM  Depth  Reading  at  Beginning  of  30  Minute  Depth  Stop 
End  *  UDM  Depth  Reading  at  End  of  30  Minute  Stop 
-  Indicates  no  reading  taken 
*  Errors  outside  of  ±2  FSW  specification 
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Figure  C-23 

LOINS  TERM  STABILITY /TEMPERATURE  SENSITIVITY 
93*F  WATER  TEMPERATURE,  DIVE  #5 
30  MINUTE  STOPS  AT  SO  FSW  INCREMENTS  AND  AT  230  FSW 

DIVETRONIC  UDM 
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Begin  *  UDM  Depth  Reeding  et  Beginning  of  30  Minute  Depth  Stop 
End  ■  UDM  Depth  Reeding  at  End  of  30  Minute  Stop 
-  Indicates  no  reeding  taken 
*  Errors  outside  of  ±2  FSW  specification 
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Figure  C-24 

LORQ  TEBM  STABILITY /TEMPERATURE  SENSITIVITY 
93*?  WAXES  TEMEiSATUSE,  DIVE  *6 
30  MINUTE  STOPS  AT  SO  FSV  INCREMENTS  AND  AT  230  FSW 

DIVETSONIC  UDM 


Chamber 


Depth  Seeding 


Depth  Unit  889  Unit  215  Unit  836  Unit  795  Unit  864  Unit  861 


j>gin  m  tom  Depth  Seeding  at  Pea  inning  of  30  Minute  Depth  Stop 
Eud  *-  UDM  Depth  Seedirg  et  End  of  30  Minute  Stop 
-  Indicates  no  reeding  taken 
*  Errors  outside  of  ±2  FSW  specification 
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REPETITIVE  RO  DECOHPRES SION  DIVE  PROFILE  TRACKING  DATA 

DDK  dive  profiles  Art  charted  aa  coshered  to  HP  1000  computer 
programing.  Two  separate  repetitive  dives  are  charted  vlth  aurfece  interv.il 
depths  of  2  PSW  and  5  PSW,  respectively.  The  following  dive  profiles  were 
executed: 

a.  $0  PSW  Ho  Decompression 
1  Sour  Interval  at  2  PSW 
120  PSW  No  Decompression 

b.  60  PSW  No  decompression 
1  Hour  Interval  at  5  PSW 
120  PSW  To  Decompression 

A  comparison  of  profiles  provides  an  evaluation  of  the  UDM's  switch 
from  PPO2  of  .7  to  PPO2  of  .21  at  3  PSW.  All  dives  were  conducted  at  29aF 
water  temperature. 

KEY: 

Pigure  Dl:  Divetronic  Unit  889 
Pigure  D2:  Divetronic  Unit  864 
Figure  D3:  Divetronic  Unit  861 
Pigure  D4:  Divetronic  Unit  836 
Pigure  05:  Divetronic  Unit  795 
Pigure  D6:  Divetronic  Unit  215 
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REPETITIVE  NO  DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
»*F  WATER  TEMPERATURE 
DIVETRONIC  UOH  M89 


01 v*  Profll#  4.  60  FSW  No  Docoaproislon 

1  Hour  Surfoeo  Interval  it  2  FSV 
120  FSW  No  Decompression 


Olvo  Prof  1 1  o  b,  60  FSV  No  Decompression 
1  Hour  Surfaco  Interval  at  5  FSW 


120  FSW  No  Dacoaprat il  on 


-  Indicates  awaiting  ne-<t  SAD  changa  on  UDM  or  computer  for  SAD  changa  times 
comparl son 


NOTE:  Slight  diffarancas  in  cosiputer  dapth  and  UDM  dapth  during  SAD  change 
times  are  occasionally  evident,  particularly  when  SAD  changes  occurred  during 
depth  travel.  This  Is  a  result  of  sli ght  delays  In  manually  programming 
coaiputar  dapth  to  reflect  UDM  dapth  changes. 
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Figure  D2 

REPETITIVE  NO  DECOMPRESSION  01VK  MO  FILE  TRACKING  DATA 
»*F  WATER  TEMPERATURE 
D I VET RON I C  UOM  #864 

Olve  Profile  a.  60  FEW  No  Decompression 

1  Hour  Surface  Interval  at  2  FSW 
120  FSW  No  Dec oop ret t Ion 


UDM  SAO  CHANGE 

TIME  COMPARED 

COMPUTER 

UOH 

TO  COMPUTER  SAO 

Dive  Profile  b.  60  FSW  No  Decompression 

1  Hour  Surface  Interval  at  5  FSW 
120  FSW  No  Decompression 


DON  SAD  CHANGE 
TIME  COMPARED 
TO  COMPUTER  SAD 


-  Indicates  awaiting  next  SAO  change  on  UDM  or  computer  for  SAD  change  times 
comparison 

NOTE:  Slight  differences  In  computer  depth  and  UDM  depth  during  SAD  change 
times  are  occasionally  evident,  particularly  when  SAD  changes  occurred  during 
depth  travel.  This  Is  a  result  of  slight  delays  In  manually  programming 
computer  depth  to  reflect  UDM  depth  changes. 
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Figure  03  | 

REPETITIVE  NO  OCCOHPSESSION  OIVI  PROFILE  TRACKING  DATA 
»*F  MATER  TEMPERATURE 
OIVCTRONIC  UOH  *61 


Dive  Profile  a.  60  FSW  Uo  Decompression 

1  Hour  Surfaea  Interval  at  2  FSW 
120  FSW  No  Decompression 


01 ve  Profile  b.  60  FSW  No  Decompression 

1  Hour  Surface  Interval  at  5  FSW 


-  Indicates  awaiting  next  SAO  change  on  UDM  or  computer  for  SAD  change  times  # 

coeiparlson  >J 

NOTE:  Slight  differences  In  coeiputer  depth  and  UOM  depth  during  SAO  change  g 

times  are  occasionally  evident,  particularly  when  SAO  changes  occurred  during  g 

depth  travel.  This  Is  a  result  of  slight  delays  In  eianually  programing  g 

computer  depth  to  reflect  UOM  depth  changes.  ^ 
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Figure  D4 

REPETITIVE  NO  DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
29*F  WATER  TEMPERATURE 
DIVEiRONIC  UDH  #836 


D1v«  Profile  a.  60  FSW  No  Deconprestion 


1  Hour  Surface  Interval  at  2  FSW 
120  FSW  No  Doconprettlon 


-  Indicates  awaiting  next  SAD  change  on  UDM  or  computer  for  SAD  change  times 
comparl son 

NOTE:  Slight  differences  in  computer  depth  and  UDM  depth  during  SAD  change 
times  are  occasionally  evident,  particularly  when  SAD  changes  occurred  during 
depth  travel.  This  is  a  result  of  slight  delays  in  manually  programming 
computer  depth  to  reflect  UDM  depth  changes. 


Figure  D5 

REPETITIVE  DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
29*F  WATER  TEMPERATURE 
OIVETRONIC  UOM  #795 

Dive  Profile  a.  60  FSW  No  Decompression 


1  Hour  Surface  Interval  at  2  FSW 
120  FSW  No  Decompression 


ELAPSED 

DIVE 

TIME 

(SECONDS! 

COMPUTER 
DEPTH  (FSW! 

UOM 

DEPTH  (FSW! 

COMPUTER 
SAD  (FSW! 

UDM 

SAD  (FSW! 

UDM  SAD  CHANGE 

TIME  COMPARED 

TO  COMPUTFR  SAD 
CHANGE  TIME  l SECONDS! 

4488 

60 

60 

10 

0 

4490 

60 

60 

10 

10 

+2 

4548 

27 

27 

0 

10 

4574 

14 

10 

0 

0 

+26 

8588 

120 

120 

0 

10 

8608 

WO 

120 

10 

10 

+20 

8828 

*  10 

10 

_  0 

10 

-flam _ 

_ 111 _ - 

10 

_ 0 _ 

_ 

_ ±S2_ 

Dive  Profile  b.  60  FSW  No  Decompression 

1  Hour  Surface  Interval  at  5  FSW 
120  FSW  No  Decompression 
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-  Indicates  awaiting  next  SAD  change  on  UDM  or  computer  for  SAD  change  times 
compari son 

NOTE:  Slight  differences  In  computer  depth  and  UDM  depth  during  SAD  change 
times  are  occasionally  evident,  particularly  when  SAD  changes  occurred  during 
depth  travel.  This  is  a  result  of  slight  delays  in  manually  programming 
computer  depth  to  reflect  UDM  depth  changes. 
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Figure  D6 

REPETITIVE  NO  DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
29* F  WATER  TEMPERATURE 
DIVETRONIC  UDM  #215 


Dive  Profile  a.  60  FSW  No  Decompression 

1  Hour  Surface  Interval  at  2  FSW 
120  FSW  No  Decompression 
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Dive  Profile  b.  60  FSW  No  Decompression 

1  Hour  Surface  Interval  at  5  FSW 
120  FSW  No  Decompression 
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-  Indicates  awaltinq  n«xt  SAD  change  on  UDM  or  computer  for  SAD  change  times 
compari son 

NOTE:  Slight  differences  In  computer  depth  and  UDM  depth  during  SAD  change 
times  are  occasionally  evident,  particularly  when  SAD  changes  occurred  during 
depth  travol .  This  Is  a  result  of  slight  delays  in  manually  programming 
computer  depth  to  reflect  UDM  depth  changes. 
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APPENDIX  E 


DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 

UDM  dive  profiles  are  charted  as  compared  to  HP  1000  computer 
programming.  Two  separate  dive  profiles  were  conducted  on  each  UDM  on  the 
following  schedule: 

a.  175  FSW  60  Minutes 

b.  150  FSW  30  Minutes 

Dive  schedule  a.  is  conducted  at  29°F  and  93°F  water  temperatures. 
Dive  schedule  b.  is  conducted  at  29*  water  temperature. 
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FIGURE  El 


DECOMPRESSION  DIVE  PROFILE  TRACKING  OATA 
DIVE  PROFILE  A.  17S  FSW  60  MINUTES,  DECOMPRESS  TO  SURFACE 
29*F  WATER  TEMPERATURE 
DIVETRONIC  UDM  #889 


-  Indicates  awaiting  next  change  in  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 


NQT£:  Slight  differences  in  computer  depth  and  UDM  depth  are  occasionally  evident,  parti.,  arly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 
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FIGURE  El 
(Continued) 


UDM  WARNING  STATUS 

UOM  SAD  CHANGE  CHANGE  TIME 

ELAPSED  TIME  COMPARED  TQ  COMPARED  TO 

DIVE  COMPUTER  UOM  COMPUTER  UOM  COMPUTER  SAu  COMPUTER  UDM  COMPUTER  WARNING 


TINE  OEPTH  DEPTH  SAD  SAD  CHANGE  TIME  WARNING  WARNING  STATUS  CHANGE  TIME 


-  Indicates  awaiting  next  change  In  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

*  Technician  error  In  plotting  data. 


NOTE:  Slight  differences  In  computer  depth  and  UDM  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  In  manually  programing  computer  depth  to 
reflect  UDM  depth  changes. 
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FIGURE  E2 


DECOMPRESSION  OlVE  PROFILE  TRACKING  DATA 
DIVE  PROFILE  A.  175  FSW  60  MINUTES,  DECOMPRESS  TO  SURFACE 
29* F  WATER  TEMPERATURE 
DIVETRONIC  UDM  #864 


-  Indicates  awaiting  next  change  in  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

NOTE:  Slight  differences  in  computer  depth  and  UDM  dopth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 
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FIGURE  E2 

(Continued) 
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-  Indicates  awaiting  next  change  in  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

NOTE:  Slight  differences  in  computer  depth  and  UDH  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 
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FIGURE  E3 


DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
DIVE  PROFILE  A.  175  FSW  60  MINUTES,  DECOMPRESS  TO  SURFACE 
29*F  WATER  TEMPERATURE 
DIVETRONIC  UDM  #861 


-  Indicates  awaiting  next  change  In  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

NOTE:  Slight  differences  in  computer  depth  and  UDM  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 
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-  Indicates  awaiting  next  change  In  SAD  or  warning  status  on  computer  or  UDH  for  change 
time  comparison 

MQIE:  Slight  differences  In  computer  depth  and  UDH  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDH  depth  changes. 
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FIGURE  E4 

DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
DIVE  PROFILE  A.  175  FSV  60  MINUTES,  DECOMPRESS  TO  SURFACE 
29* F  WATER  TEMPERATURE 
OIVETRONIC  UDM  #836 
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-  Indicates  awaiting  next  change  in  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

NQ1V-  Slight  differences  in  computer  depth  and  UDM  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programing  computer  depth  to 
reflect  UOM  depth  changes. 
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FIGURE  E4 
(Continued) 
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-  Indicates  awaiting  next  changa  In  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

NOTE:  Slight  differences  In  computer  depth  and  W)M  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delay*  In  manually  programming  computer  depth  to 
reflect  UOH  depth  changes. 
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FIGURE  E5 


DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
DIVE  PROFILE  A.  175  FSV  60  MINUTES,  DECOMPRESS  TO  SURFACE 
29* F  WATER  TEMPERATURE 
DIVETRONIC  UOM  #795 
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-  Indicates  awaiting  naxt  change  In  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 


NOTE:  Slight  differences  in  computer  depth  and  UOM  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 
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FIGURE  E5 
(Continued) 


-  Indicates  awaiting  next  change  In  SAD  or  warning  status  on  computer  or  UOH  for  changa 
time  comparison 


NOTE;  Slight  differences  In  computer  depth  and  UOH  depth  ara  occasionally  evident,  particularly 
during  dtpth  travel,  as  a  result  of  slight  delays  In  Manually  programing  computer  depth  to 
reflect  UOH  depth  changes. 
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FIGURE  E6 


DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
DIVE  PROFILE  A.  175  FSW  60  MINUTES,  DECOMPRESS  TO  SURFACE 
29* F  WATER  TEMPERATURE 
DIVCTRONIC  UDM  #215 
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-  Indicates  awaiting  next  change  in  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

NOTE:  Slight  differences  in  computer  depth  and  UDM  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 


E— 12 


FIGURE  E6 
(Continued) 
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-  Indicates  awaiting  next  change  In  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

NOTE:  Slight  differences  In  computer  depth  and  UDM  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  In  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 
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FIGURE  E7 


DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
OIVE  PROFILE  A.  175  FSW  60  MINUTES,  DECOMPRESS  TO  SURFACE 
93*F  WATER  TEMPERATURE 
DIVETRONIC  UDM  #889 


UNIT  FAILED  TO  PROVIDE  SAD  INFORMATION 
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FIGURE  E8 


DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
OIVE  PROFILE  A.  175  FSW  60  MINUTES,  DECOMPRESS  TO  SURFACE 
93* F  WATER  TEMPERATURE 
OIVETRONIC  UDM  #864 
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-  Indicates  awaiting  next  change  in  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

NOTE:  Slight  differences  in  computer  depth  and  UDM  depth  are  occasional!;/  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 


FIGURE  EH 
(Continued) 
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-  Indicates  awaiting  next  change  In  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

NOTE:  Slight  differences  In  computer  depth  and  UDM  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  In  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 
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FIGURE  E9 


DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
DIVE  PROFILE  A.  175  FSW  60  MINUTES,  DECOMPRESS  TO  SURFACE 
93*F  WATER  TEMPERATURE 
DIVETRONIC  UDM  #861 
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UDM  COMPUTER  WARNING 
WARNING  STATUS  CHANGE  TIME 


-  Indicates  awaiting  next  change  in  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 


NOTE:  Slight  differences  in  computer  depth  and  UDM  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 
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FIGURE  E9 
(Continued) 
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-  Indicates  awaiting  next  change  In  SAD  or  warning  status  on  computer  or  UDM  for  change 
t1n<e  comparison 

NOTE:  Slight  differences  In  computer  depth  and  UDM  depth  are  occasionally  evident,  particularly 
during  d$pth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 
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FIGURE  E10 


DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
DIVE  PROFILE  A.  175  FSV  60  MINUTES,  DECOMPRESS  TO  SURFACE 
93* F  WATER  TEMPERATURE 
DIVETRONIC  UOM  #836 
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-  Indicates  await  :iext  change  in  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 


NOTE:  Slight  differences  in  computer  depth  and  UDM  depth  ire  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 
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FIGURE  E10 
(Continued) 
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-  Indicates  awaiting  next  change  In  SAO  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

NOTE:  Slight  differences  In  computer  depth  and  UDM  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  In  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 
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FIGURE  Ell 


DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
DIVE  PROFILE  A.  175  FSW  60  MINUTES.  DECOMPRESS  TO  SURFACE 
93* F  WATER  TEMPERATURE 
DIVETRONIC  UOM  #795 


ELAPSED 

DIVE 

TINE 

(SECONDS! 

COMPUTER 

DEPTH 

(ESW1 

UOM 

DEPTH 

(FSW) 

COMPUTER 

SAD 

(FSW) 

UDM 

SAD 

(FSW) 

UOM  SAD  CHANGE 
TIME  COMPARED  TO 
COMPUTER  SAD 
CHANGE  TIME 
(SECONDS! 

COMPUTER 

WARNING 

STATUS 

UDM 

WARNING 

STATUS 

UDM  WARNING  STATUS 
CHANGE  TIME 
COMPARED  TO 
COMPUTER  WARNING 
STATUS  CHANGE  TIME 
(SECONDS) 

502. . 

175 

175 

10 

0 

508 

175 

175 

10 

10 

+6 

. 

576 _ 

175 

175 

20 

10 

_  582 

175 

175 

20 

J!Q 

+6 

_ 

_  666 

175 

175 

_  _3Q 

20 

.. 

674_ 

175 

175 

30 

30 

+8 

_ 

778 

175 

175 

40 

30 

_ 

788 

175 

175 

40 

40 

+10 

_ 

_  93Q_ 

176 

175 

50 

40 

_ 

_ 

944 

176 

175 

50 

50 

+14 

_ 

1166 

175 

175 

60 

50 

_ 

1188_ 

175 

175 

60 

60 

♦22 

_ 

. 

-  149Q_  ■ 

175 

175 

60 

60 

FLASHING 

_ 

1680 

176 

175 

70 

60 

_ 

FLASHING 

_ 

1712. 

176 

175 

70 

70 

±32  _ 

FLASHING 

_ 

_ 

1736 

176 

175 

70 

70 

FLASHING 

FLASHING 

+246 

2102 

176 

175 

80 

70 

FLASHING 

FLASHING 

2148 

176 

175 

80 

80 

+46  _ 

FLASHING 

FLASHING 

2946 

176 

175 

90 

80 

FLASHING 

FLASHING 

_ 

3064 

176 

175 

90 

90 

+18 

FLASHING 

FLASHING 

_ 

4428 

90 

90 

80 

80 

0 

FLASHING 

FLASHING 

. 

5228 

80 

80 

80 

70 

FLASHING 

FLASHING 

_ 

528Q 

70 

70 

70 

70 

-52 

FLASHING 

FLASHING 

_ 

6106 

70 

70 

70 

60 

FLASHING 

FLASHING 

6154 

60 

60 

60 

60 

-48 

FLASHING 

FLASHING 

_ 77,56,., , 

_ 62 _ 

60 

-  60— 

-52  _ 

FL&3HINS 

FLASHING 

— 

-  Indicates  awaiting  next  change  in  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

NOTE:  Slight  differences  in  computer  depth  and  UDH  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 
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FIGURE  Ell 
(Continued) 
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-  Indicates  awaiting  next  change  In  SAD  or  warning  status  on  computer  or  UDM  for  changa 
time  compari  son 

NOTE:  Slight  dlffarancas  In  computer  depth  and  UDH  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDH  depth  changes. 
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FIGURE  El 2 


DECOMPRESSION  OIVE  PROFILE  TRACKING  DATA 
DIVE  PROFILE  A.  175  FSW  60  MINUTES,  DECOMPRESS  TO  SURFACE 
93*F  WATER  TEMPERATURE 
OIVETRONIC  UOM  #215 
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-  Indicates  awaiting  next  change  in  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

NOTE:  Slight  differences  in  computer  depth  and  UDM  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 


FIGURE  El 2 
(Continued) 
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-  Indicates  awaiting  next  change  In  SAO  or  warning  status  on  computer  or  UDH  for  change 
time  comparison 

NOTE:  Slight  differences  In  computer  depth  and  UDH  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  In  manually  programing  computer  depth  to 
reflect  UDH  depth  changes. 
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-  Indicates  awaiting  naxt  changa  In  SAO  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

NOTE:  Slight  dlffarancas  In  computar  dapth  and  UDM  dapth  ara  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  dapth  changes. 


FIGURE  El 4 


DECOMPRESSION  DIVE  FROcILE  TRACKING  DATA 
DIVE  PROFILE  B.  150  FSW  30  MINUTES.  DECOMPRESS  TO  SURFACE 
29* F  WATER  TEMPERATURE 
DIVETRONIC  UDM  #864 
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-  Indicates  awaiting  next  change  in  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 


NOTE:  Slight  differences  in  computer  depth  and  UDM  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UOM  depth  changes. 


FIGURE  El 5 


DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
OIVE  PROFILE  B.  150  FSW  30  MINUTES,  DECOMPRESS  TO  SURFACE 
29*F  WATER  TEMPERATURE 
OIVETRONIC  UDM  #861 


ELAPSED 

DIVE 

TIME 

COMPUTER 

DEPTH 

UDM 

DEPTH 

COMPUTER 

SAD 

UDM 

SAD 

UDM  SAD  CHANGE 
TIME  COMPARED  TO 
COMPUTER  SAD 
CHANGE  TIME 

hh»  Ttizn  wixvTm  uwn 

Indicates  awaiting  next  change  In  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 


NOTE:  Slight  differences  In  computer  depth  and  UDM  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 
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FIGURE  El 6 


DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
DIVE  PROFILE  B.  150  FSV  30  MINUTES,  DECOMPRESS  TO  SURFACE 
29* F  WATER  TEMPERATURE 
DIVETRONIC  UDM  #836 
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-  Indicates  awaiting  next  change  In  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 


t$QT£:  Slight  differences  In  computer  depth  and  UDM  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  In  nanually  programing  computer  depth  to 
reflect  UDM  depth  changes. 
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FIGURE  El  7 


DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
DIVE  PROFILE  B.  150  FSW  30  MINUTES,  DECOMPRESS  TO  SURFACE 
29* F  WATER  TEMPERATURE 
OIVETRONIC  UDM  #795 
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^Indicates  awaiting  next  change  in  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 

NOTE:  Slight  differences  in  computer  depth  and  UDM  depth  ate  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UOM  depth  changes. 


FIGURE  E18 


DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
DIVE  PROFILE  B.  150  FSV  30  MINUTES.  DECOMPRESS  TO  SURFACE 
29*F  WATER  TEMPEFATURE 
OIVETRONIC  UDN  #215 


-  Indicates  awaiting  next  change  in  SAD  or  warning  status  on  computer  or  UDM  for  change 
time  comparison 


NOTE:  Slight  differences  in  computer  depth  and  UDM  depth  are  occasionally  evident,  particularly 
during  depth  travel,  as  a  result  of  slight  delays  in  manually  programming  computer  depth  to 
reflect  UDM  depth  changes. 
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APPENDIX  F 


REPETITIVE  DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 

UDM  dive  profile*  ere  charted  aa  coopered  to  HP  1000  computer 
programming.  One  dive  profile  ia  conducted  on  each  UDM  at  29*F  water 
temperature  on  the  following  schedule: 

a.  150  FSW  30  Minutes 
1  Hour  Surface  Interval 
150  FSW  30  Minutes 


KEY: 


Figure  FI 
Figure  F2 
Figure  F3 
Figure  F4 
Figure  F5 
Figure  F6 
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FIGURE  FI 


REPETITIVE  DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
29* F  WATER  TEMPERATURE 
DIVETRONIC  UDM  #889 
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FIGURE  FI 
(Continued) 
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FIGURE  F2 


REPETITIVE  DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
29* F  WATER  TEMPERATURE 
DIVETRONIC  UDM  #864 


FIGURE  F3 


REPETITIVE  DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
29*F  UATER  TEMPERATURE 
OIVETRONIC  UDM  #361 


FIGURE  F4 


REPETITIVE  DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
29‘F  WATER  TEMPERATURE 
DIVETRONIC  UOH  #836 
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FIGURE  F4 
(Continued) 
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FIGURE  F5 


REPETITIVE  DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
29* F  WATER  TEMPERATURE 
OIVETRONIC  UOM  #795 
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FIGURE  F5 
(Continued) 
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FIGURE  F6 


REPETITIVE  DECOMPRESSION  DIVE  PROFILE  TRACKING  DATA 
29*F  WATER  TEMPERATURE 
DIVETRONIC  UDM  #215 


APPENDIX  6 


WARNING  STATUS  TEST  DATA 

UDM  safe  aacent  depth  (SAD)  information  in  verified  for  accuracy  by 
conducting  the  following  schedule  at  29 °T  water  temperature: 


a.  150  FSW  60  minutes 

Decompress  to  30  FSW  Verify  that  UDM  SAD  secures  flashing  and 

HP  1000  computer  warning  status  secures, 
then  increase  depth  until  UDM  SAD  resumes 
flashing.  Do  not  exceed  depth  of  150 
FSW.  Hold  depth  until  computer  and  UDM 
warning  status  is  initiated.  Surface, 
skipping  all  decompression  stops. 

Confirm  UDM  out  of  range  light 
activation.  Monitor  UDM  ascent  time,  and 
•  compare  to  computer  "Total  Time  to 
Surface  (TTS)." 

KEY: 

Figure  G1  :  Divetronic  UDM  889 
Figure  G2  :  Divetronic  UDM  864 
Figure  G3  :  Divetronic  UDM  361 
Figure  G4  :  Divetronic  UDM  836 
Figure  G5  :  Divetronic  UDM  795 
Figure  G6  :  Divetronic  UDM  215 
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FIGURE  G1 


WARNING  STATUS  TEST  DATA 
29* F  WATER  TEMPERATURE 
DIVETRONIC  UDM  #889 
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FIGURE  G2 


WARNING  STATUS  TEST  DATA 
29*F  WATER  TEMPERATURE 
DIVETRONIC  UDM  #864 
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FIGURE  G3 


WARNING  STATUS  TEST  DATA 
29* F  WATER  TEMPERATURE 
DIVETRONIC  UOM  #861 
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WARNING  STATUS  TEST  DATA 
29* F  WATER  TEMPERATURE 
DIVETRONIC  UDH  #836 
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Sub J :  UNMANNED  DRY  HUMAN  FACTORS  EVALUATION  OF  THE  ORCA  INDUSTRIES  PROTOTYPE 
MODEL  "N1  UDC"  UNDERWATER  DECOMPRESSION  MONITOR  (UDM) 

Distribution  A:  Approved  for  public  release;  distribution  unlimited. 
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(b)  MIL— STD— 147 2B ,  Human  Engineering  Design  Criteria  for  Military 
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Key  Words:  ORCA,  UDC,  UDM,  Human  Factors,  Underwater,  Decompression, 

Computer,  N1 

1.  introduction 

One  prototype  wrist-worn  (or  holstered)  underwater  decompression 
computer/meter  manufactured  by  ORCA  Industries  was  received  for  a  preliminary 
human  factors  evaluation  as  outlined  in  reference  (a).  The  unit  vas  numbered 
1190  on  the  bottom  of  the  battery  compartment,  and  was  accompanied  by  a 
two-page  instruction  sheet  titled  "Manual  for  the  Navy  Mark  15  Underwater 
Decompression  Computer,  copyright  January  1985  ORCA  Industries".  This  manual 
referred  to  the  prototype  UDM  as  the  "HI  UDC".  A  manual  for  the  ORCA  EDGE  UDC 
was  also  provided,  as  the  manufacturer  indicated  that  the  hardware  for  both 
the  EDGE  and  the  prototype  N1  are  essentially  identical. 

2.  General  Characteristics 

The  N1  UDC  prototype  (Figure  1)  was  rectangular  in  shape  and  measured  18.3 
cm  (L)  x  7.4  cm  (H)  x  3.4  cm  (W).  It  weighed  757  grams  with  one  battery  and 
two  wrist  straps  installed.  The  case  was  cast  aluminum  alloy  with  a  glass 
display  window  (from  EDGE  manual),  and  was  colored  blue.  One  unit  sent  to 
NEDU  had  a  matte  black  finish.  Two  velcro  bands  (2.1  x  40  cm)  with  plastic 
buckles  were  slotted  through  four  1.9  cm  long  stainless  steel  pins  on  the 
bottom  of  the  case  (Figure  2).  The  pin  holders  were  off-set,  presumably  to 
provide  a  contoured  form  for  wearing  the  omit  on  the  arm.  The  bands  were 
easily  threaded  through  the  pins. 


Pressure  transducer  ports  are  located  on  the  front  of  the  unit  to  the  left 
of  the  display  (Figure  1).  Access  to  the  battery  compartment  on  the  underside 
of  the  unit  was  via  two  slotted  screws,  which  are  operable  by  a  coin.  The 
screws  have  stops  to  prevent  their  coming  out  of  the  case  and  subsequent 
loss.  A  common  9v  alkaline  battery  powers  the  unit.  Two  battery  connectors 
are  provided  so  that  a  low  battery  can  be  replaced  without  interruption  of 
power  and  loss  of  repetitive  dive  information. 

Also  on  the  underside  of  the  unit  is  the  on-off  switch  (Figure  3).  The 
switch  is  termed  a  magnetic  flip  switch  by  the  manufacturer,  appears  to  be 
made  of  plastic,  and  measured  4.1  (L)  x  0.6  (W)  x  0.5  cm.  A  small  detent  with 
nub  extending  out  0.1  cm  from  the  switch  provided  a  friction  holding  device. 
This  device  can  wear  rapidly,  leading  to  the  inadvertent  dislodging  of  the 
switch  from  the  desigr^ted  position.  The  switch  also  appears  to  be  subject  to 
breakage,  as  it  protrudes  from  the  case  when  being  moved.  There  was  no 
problem  in  operating  this  switch  with  three-fingered  neoprene  gloves. 

3.  Display  Characteristics 

The  liquid  crystal  display  (LCD)  face  measured  5.2  cm  x  4.3  cm,  and  was 
covered  by  a  glass  face  recessed  0.4  cm  below  the  front  edge  of  the  case. 

This  feature  should  help  prevent  damage  to  the  display.  When  the  on/off 
switch  was  turned  to  the  "on"  position,  the  display  activated  with  a  picture 
of  a  whale  and  the  label  N1  (rotated  90*  to  the  left)  in  the  lower  left  hand 
comer  of  the  display.  A  blinking  checkerboard  display  then  appeared, 
followed  by  the  standard  display  of  zeros  and  a  blinking  asterisk  (Figure  1). 

TheJLCD  numbers  were  large  [0.8  cm  (H)  x  0.5  cm  (W)],  colored  black  on  a 
grey  background,  and  easy  to  discriminate  when  viewed  from  directly  above  in 
office  fluorescent  light  illumination.  However,  a  rapid  and  substantial 
decrease  in  LCD  legibility  occurred  as  the  unit  was  rotated  away  from  a 
position  directly  in  front  of  the  viewer.  At  ~  30®  offset  in  either 
direction,  the  display  became  illegible;  i.e.  the  numbers  disappeared. 

! 

'  LCD  displays  are  included  for  dive  time,  depth,  stop  depth,  stop  time,  and 

,  total  time  to  surface.  All  convey  essential  information,  and  are  grouped 

|  acceptably.  The  display  times  are  identified  by  the  colon  between 

i  hours tminutes.  To  signal  that  the  unit  is  functioning  properly,  a  large 

asterisk  blinks  in  the  upper  right  hand  corner  of  the  display.  This  is 
inappropriate  by  human  engineering  standards  [reference  (b)],  where  the  use  of 
blinking  and  flashing  lights  and  displays  should  be  relegated  to  conditions 
alerting  the  operator  to  a  condition  which  requires  his  attention  and  action. 

A  recommended  change  is  to  eliminate  the  blinking  asterisk  during  normal 
functioning.  As  the  display  is  already  designated  to  switch  from  the  asterisk 
to  a  "B"  when  battery  duration  is  expected  to  be  less  than  4  hours,  one  could 
have  the  "B"  present  in  a  steady  3tate.  When  battery  life  becomes  short,  the 
jj  "B"  could  start  blinking,  alerting  the  operator  to  a  condition  requiring  his 

n  attention. 

» 

I 
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The  use  of  alternating  blinking  displays  when  a  diver  ascends  too  shallow 
is  an  appropriate  warning  device.  The  PAO  warning  device  is  also  a  distinct 
and  clear  warning  device  appropriately  programmed.  As  far  as  labeling  of  the 
display,  the  prototype  unit  was  furnished  with  a  piece  of  white  paper,  on 
which  was  lettered  in  black  the  labels  shown  in  Figure  1.  The  paper  was 
secured  to  the  unit  with  a  covering  of  epoxy,  which  was  peeling  away  from  the 
unit  at  the  time  of  this  test.  Further,  the  epoxy  was  off-colored  and 
contained  bubbles,  rendering  the  lettering  underneath  hazy.  The  labels  are 
not  in  close  proximity  to  their  LCD  readout,  although  the  linear  spatial 
relationship  between  label  and  LCD  is  appropriate  if  one  uses  the  convention 
of  reading  from  left  to  right,  down  one  line,  and  starting  over.  There 
appears  to  be  room  adjacent  to  the  "TTS"  and  "Stop  Time"  LCDs  for  labels.  If 
the  asterisk  (or  "B")  was  made  smaller  and  the  "dive  time"  display  moved  left 
on  the  same  line,  there  would  be  room  for  the  label.  The  "depth/stop  depth" 
LCDs  require  some  ingenuity  to  provide  a  label  in  close  proximity.  The 
rationale  for  moving  the  labels  closer  to  the  LCDs  is  to  reduce  the 
probability  of  operator  error/confusion  in  reading  the  displays,  especially 
with  the  three  time  function  LCDs  being  identical  in  appearance. 

4.  Conformance  With  Specifications 

A  review  of  the  specifications  outlined  in  reference  (c)  with  the 
prototype  ORCA  "N1  UDC"  revealed  the  following  discrepancies: 

*no  illuminated  background  LCD;  no  on-off  switch  for  LCD  illumination. 

*no  red/green  light  signaling  for  violation/compliance. 

*no  removable  plug  for  leak  check  and  pressure  transducer  to  accept 
standard  fitting. 

5.  Beconroffldatlons 

a.  Ensure  compliance  with  published  specifications;  internal  illumination 
is  essential,  as  are  signaling  functions. 

b.  Install  locking/securing  device  for  on-off  switch  so  it  cannot  be 
dislodged  inadvertently. 

c.  Incorporate  LCD  labels  into  display  window. 

d.  Re-design  LCDs  so  that  numbers  can  be  read  when  unit  is  turned  at  an 
angle  at  least  to  45s  away  from  head-on. 

e.  Eliminate  blinking  asterisk;  replace  with  a  steady  state 
alpha-numeric,  or  better  yet  a  steady  green  LED. 

f.  Replace  "paste  on"  display  label  with  integrated  labels  in  display  in 
close  proximity  to  respective  LCD. 

g.  Reduce  size  and  weifht  of  UDM. 
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The  ORCA  "N1  UDC"  la  a  large,  bulky  and  heavy  UDM,  yet  offers  several 
advantages  In  simplicity  of  design,  large  numerical  LCDs,  and  ease  of 
operation  and  maintenance.  It  is  essential,  however,  that  the  specifications 
for  illumination  and  signaling  be  met  before  the  unit  is  considered  for  Navy 
use.  ▲  re-evaluation  of  a  revised  prototype  incorporating  changes  outlined  in 
section  5  above  would  be  appropriate. 


FIGURE  1.  N1  UDC  showing  display  window  (A),  display  labels  (B),  and 
pressure  transducer  ports  (C). 


FIGURE  2.  Underside  view  of  N1  UDC  shoving  wrist  straps  (A),  steel 
retaining  pins  (B),  and  battery  compartment  (C). 


FIGURE  3.  On-off  switch  of  Nl  UDC. 
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1.  Introduction 

A  prototype  wrist-worn  underwater  decompression  monitor/computer  (UDM/UDC) 
manufactured  by  Divetronic-Instruments  A6  (Postfach,  FL-9494  Schaan, 
Furstentum,  Lelchtenstein)  was  received  at  NEDU  and  forwarded  for  a 
preliminary  human  factors  evaluation  IAW  reference  (a).  The  unit  was 
Inscribed  by  NEDU  personnel  for  test  purposes  with  the  number  861  on  the  front 
of  the  case  (Figure  1).  An  instructional  manual  of  the  HANS  HASS  Deco-Brain 
II  accompanied  the  unit;  the  manual  was  annotated  in  pencil  "rough 

draft . new  manual. .. .P2-2"  (Figure  2).  Two  sets  of  serial  numbers  were  on 

the  UDM  casing:  02861  was  stamped  under  the  case  (Figure  3)  and  08-83-01  on 
the  rear  edge  of  the  case  (Figure  3).  A  "dive-simulator”  tool  was  also 
provided  which  fits  over  the  unit's  pressure  transducer  (Figure  4). 

2.  General  Characteristics 

The  Deco-Brain  II  UDC  uses  a  molded  contoured  black  plastic  case, 
measuring  roughly  14.5  cm  wide  by  8  cm  tall  by  11  cm  deep.  It  weighed 
approximately  ?.  lbs  3  ounces  (992.1  g)  in  the  dry  with  batteries  and  wrist 
straps  installed.  The  face  of  the  case  incorporates  a  10.5  x  6.0  cm  display 
window  to  present  various  information.  The  label  on  the  display  face  was 
grey,  and  contained  graphics  of  varying  colors  and  sizes  surrounding  five  (5) 
liquid  crystal  displays  (LCD)  and  three  (3)  light  emitting  diodes  (LED).  On 
the  bottom  of  the  unit  a  sliding  magnetic  switch  activated  the  display 


backlighting  (Figure  5).  Two  rubber  straps  with  steel  buckles  were  each 
threaded  through  two  stainless  steel  pins  and  the  case  body,  and  are  used  to 
attach  the  unit  to  the  arm  of  the  user.  The  straps  are  2.4  cm  wide  and  35  cm 
long  (Figure  5). 

3.  Instruction  Manual  Review 

The  instruction  manual  (Figure  2)  accompanying  the  UDC  was  written  in  a 
language  appropriate  for  the  user.  Some  material  could  be  rearranged  for 
clarity.  For  example,  at  the  bottom  of  page  4  there  is  a  note  stating  that 
the  Deco-Brain  must  be  turned  on  before  entering  the  water,  but  it  is  not 
until  the  bottom  of  page  5  that  a  simple  explanation  of  the  rationale  is 
presented.  A  primary  source  of  confusion  and  frustration  to  the  reader  is 
that  the  text  refers  to  items  on  the  UDM  by  number,  yet  the  numbers  are  not 
found  in  any  of  the  drawings  in  the  text  except  on  page  24,  figure  10.  This 
figure  is  not  referred  to  in  the  text.  Other  specific  areas  of  concern  found 
during  the  reading  of  the  manual  include: 

*  p.  4  Why  will  "8888"s  not  look  like  figure  1? 

*  p.  6  Is  the  UDM  accuracy  really  ±  1.6  ft  water,  regardless  of  depth  or 

specific  gravity  of  water  (i.e.  fresh  versus  salt  water)? 

*  p.  7  The  stated  ascent  rate  of  33  FPM  not  in  accord  with  USN  rate  of 

60  FPM. 

*  p.  9  The  use  of  flashing  displays  when  within  6  minutes  of  incurring  a 

decompression  obligation  may  be  inappropriate  for  Navy  use.  The 
present  countdown  feature  is  appropriate  and  adequate  without 
flashing . 

*  p.10  As  presently  programmed,  the  LED  for  rate  of  ascent  flashes  when 

within  a  normal  rate  of  ascent,  and  then  stops  flashing  when  the 

rate  is  exceeded.  This  is  inappropriate.  According  to  human 

factors  engineering  criteria  [ref  (b)] ,  "the  use  of  flashing 

lights  shall  be  minimized.  Flashing  lights  may  be  used  only  when 

it  is  necessary  to  call  the  operator's  attention  to  some 

condition  requiring  action.  The  flash  rate  shall  be  within  3  to 

5  flashes  per  second..."  Further,  the  use  of  a  red  LED  is  not  J 

acceptable  for  this  function  in  accordance  with  reference  (b).  A  j 

steady  green  or  yellow  light  should  be  used  if  the  rate  of  ascent  * 

is  within  specifications.  A  flashing  red  LED  is  appropriate  only  j 

if  the  ascent  rate  becomes  too  rapid.  j 

*  p.10  The  Deco-Stop  LED  is  flashing  when  the  diver  is  at  an  appropriate 

stop;  again,  the  use  of  flashing  signals  should  be  relegated  to  a 

warning  status  IAW  reference  (b).  A  constant  green  light  should 
be  used  to  indicate  all  conditions  are  satisfactory. 

*  p.10  Why  does  ascending  faster  than  33  FPM  (or  60  FPM)  cause  a 

no-decompression  time  to  switch  to  a  decompression  time?  An 
explanation  is  desirable  in  the  text  for  the  reader. 

*  p.ll  The  yellow  LED  for  DECO-STOP  flashes  when  diver  is  at  his  < 

required  decompression  stop.  Again,  this  is  inappropriate  by  Mil  i 

Spec  human  engineering  standards  [reference  (b)] . 

*  p.12  Two  LEDs  flash  if  a  diver  ascends  past  the  required  decompression 

stop.  A  single  flashing  red  LED  would  be  sufficient. 
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*  p.13  The  time  to  flight  value  la  mentioned  but  not  explained  In  the 

manual.  This  feature  la  not  required  for  U.S.  Navy  uae. 

*  p.18  Why  cannot  the  UDM  recharger  be  plugged  directly  into  line 

voltage?  How  doea  the  manual  define  line  voltage? 

*  p.21  Multiple  data  presentation,  including  non-operator  controlled 

non-eaaential  information,  can  lead  to  operator  confuaion  in 

atate  of  atreaa  or  preaence  of  heavy  information  proceaaing  load. 

*  No  Information  is  provided  on  how  to  replace  batterlea. 

*  No  addreaaea,  telephone  numbers,  or  point  of  contacta  were  listed  in 
manual . 

*  Activation  of  the  UDM  on  the  surface  with  the  dive  simulator  revealed 
that  not  all  specifications  function  as  described  in  the  manual.  For 
example,  maximum  depth  is  only  displayed  at  the  surface,  not  while  in 
the  water.  Ascent  rate  LED  functioning  is  also  affected  by  low 
battery  voltage,  though  this  is  not  mentioned  in  the  text. 

4.  Display  Characteristics 

The  display  face  consists  of  five  liquid  crystal  displays  (LCDs),  three  of 
which  measure  3.9  x  1.3  cm,  and  two  which  measure  1.9  x  1.3  cm.  Three  warning 
lights  are  incorporated  into  the  display,  and  are  light  emitting  diodes 
(LEDs).  Lettering  for  the  display  information  consists  of  eight  different 
size/type/font  combinations,  colored  blue,  red  and  grey.  The  display  face 
cover  Is  grey.  The  display  is  laid  out  with  LCDs  for  time  (dive-time  and 
ascent-time;  4  digits  each)  grouped  on  the  left  side  of  the  display,  and  LCDs 
for  depth  (depth  and  stops)  grouped  on  the  right  side.  The  three  LEDs  which 
serve  as  indicators  are  grouped  vertically  in  the  center. 

Comments : 

*  The  LCD  numbers  are  easy  to  read  under  normal  office  fluorescent 
lighting  levels  and  are  not  angle  dependent;  that  is,  the  contrast  between 
figure  and  ground  is  sufficient  to  ensure  legibility  even  when  the  UDM  is 
rotated  up  to  45*  away  from  head  on.  The  limiting  factor  is  the  edge  of  the 
display  cutout,  and  not  the  contrast  of  the  figure-ground  relationship. 

*  The  wide  assortment  of  lettering  colors  and  types  is  uneven  and  may 
inhibit  the  ease  of  information  processing.  The  lettering  for  "dive-time", 
"ascent-time",  "depth",  "ft"  and  "min"  is  clear,  large  enough,  and  grouped 
appropriately  with  their  respective  LCDs.  The  display's  cluttering  surrounds 
the  LEDs  and  the  use  of  color  and  expletives  in  the  "max-depth"  lettering. 

The  use  of  the  present  graphics  turns  the  eye  towards  the  middle  column  of 
LEDs  and  the  "max  depth”  sign,  despite  the  fact  that  this  information  is  not 
normally  attended  to  during  the  majority  of  the  dive.  The  removal  of  the  bold 
arrow  and  red  circle  around  the  ascent  LED,  the  red  starburst  pattern  around 
the  out  of  range  LED,  and  the  blue  coloration  and  exclamation  points  from  the 
maximum  depth  graphic  would  greatly  harmonize  the  display  and  ease  in  eye 
focusing  on  relevant  information. 
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*  The  LEDs  ere  bright  enough  to  be  seen  easily  underwater.  However,  the 
multiple  lighting  and  flashing  of  those  LEDs  as  presently  programmed  is 
distracting,  inappropriate  as  reviewed  above,  and  can  lead  to  sensory  overload. 

*  As  described  in  the  manual,  the  maximum  depth  indicator  is  flashed  for 
2.5  seconds  each  30  sec;  this  approach  removes  control  of  information  access 
from  the  operator,  and  may  interfere  substantially  with  his  access  to 
information  he  desires,  e.g.  ascent  time.  Access  to  desired  but  not  essential 
(i.e.  critical)  information  should  be  on  demand  at  the  operator's  discretion. 
Maximum  depth  displays  appear  appropriate  for  a  recall  feature  only.  The  unit 
tested  only  displayed  this  function  at  the  surface.  If  this  information  ia 
not  displayed  at  depth,  it  should  be  so  noted  in  the  manual. 


*  The  backlighting  function  appears  to  provide  an  even  level  of 
Illumination  to  the  LCD  displays.  The  magnetic  light  switch  requires  little 
force  to  operate  and  can  be  operated  easily  when  the  operator  wears  three 
fingered  neoprene  gloves.  The  bottom  of  the  switch  (Figure  5)  is -serrated  co 
provide  a  gripping  surface  for  the  gloved  operator. 

5.  Conformance  With  Specifications 


This  unit  does  not  meet  the  following  specifications  in  reference  (c): 

*  Velcro  fasteners  not  used  to  attach  unit  to  arm. 

*  No  green  light  compliance  feature. 

*  No  battery  voltage  indication  available  while  submerged. 

6.  Case  Comments 

*  The  dive  simulator  is  a  welcome  function  which  allows  the  operator  to 
perform  pre-  and  post-dive  checks  on  the  proper  functioning  of  the 
unit  (Figure  4). 

*  The  battery  degassing  screw  is  not  identified  by  marking  or 
configuration  on  the  unit  proper  (Figure  3). 

*  Slotted  screws  are  used  for  all  case  fasteners;  this  feature  aids  in 
minimizing  tools  needed  for  access  to  the  UDM  for  maintenance  (Figure 
3). 

*  The  on-off  handle  is  beige  in  color,  4.1  cm  in  length,  protrudes  ' 

1.0-1. 2  cm  from  the  case,  and  uses  a  strong  spring  loaded 

positive-action  device  to  prevent  accidental  activation  or  j 

deactivation  of  the  unit.  As  the  unit  is  not  designed  to  be  turned  on  j 

underwater,  the  handle  is  not  large  enough  to  be  pulled  and  turned  | 

when  wearing  thermal  protection  on  the  hands  (Figure  1).  , 

*  The  battery  recharger  is  simple,  appears  rugged,  and  is  appropriately  « 

labeled.  An  adapter  is  provided  to  use  on  120v  versus  220v  circuits  | 

(Figure  1).  j 
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7.  Recommendations  for  Re-Dealgn  for  Use  by  U.S.  Navy 


a.  Eliminate  flashing  display  function  when  within  6  min  of 
no-decompression  obligation  being  incurred. 


b.  Eliminate  rate  of  ascent 'signaling  except  for  a  flashing  (3-5  cps)  red 
LEO  when  rate  is  EXCEEDED.  LED  will  go  out  when  rate  falls  within 
0-60  fps. 


c.  Use  rate  of  ascent  flashing  red  LED  to  also  signal  when  diver  is  TOO 
shallow,  ascending  past  the  required  decompression  stop.  Red  LED  will 
go  out  and  be  replaced  by  steady  green  LED  when  diver  is  at  designated 
sf.op. 

d.  Change  Deco-Stop  LED  to  a  steady  green  LED. 

e.  Eliminate  out  of  range  LED. 

f.  Ensure  compliance  of  display  IAW  reference  (b). 

g.  Reconfigure  display  graphics  to  reduce  clutter  IAW  Section  4  comments 
above;  use  proper  Navy  terminology  (e.g.  60  ft/min  vice  33  ft/mln). 

h.  Rewrite  instruction  manual,  including  in  revision  the  information 
noted  omitted  previously  in  section  3  and  ensure  it  accurately 
reflects  the  present  CM!  features  and  programming. 

i.  Incorporate  a  low  battery  indicator  function  when  unit  is  submerged; 
this  function  is  critical  for  use  on  long  missions. 

j.  Reduce  size  and  weight  of  UDM. 

k.  Identify  battery  degassing  screw  on  case. 

l.  Eliminate  time  to  flight  function. 


8.  Summary 


The  Divetronics  Deco-Brain  II  is  a  fairly  large,  heavy,  and  bulky  unit 
which  uses  the  manufacturer's  commercially  marketed  product  as  the  basis  for 
this  prototype.  It  shows  promise  for  use  by  the  U.S.  Navy  providing  the 
display  programming  is  reconfigured  IAW  military  specifications,  the 
commercial  bid  specifications  are  met,  and  the  presentation  of  the  information 
is  simplified  IAW  human  factor  and  information  processing  guidelines.  It  is 
strongly  recommended  that  these  criteria  be  met  before  approval  is  considered 
for  U.S.  Navy  use. 
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FIGURE  2.  Cover  of  accompanying  instruction  manual  for  UDM. 
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Back  of  UDM  showing  identifying  numbers  (A,  B),  battery  degassing 
screw  (C),  on-off  switch  (D),  and  use  of  slotted  screws  (E). 


adjacent  to  recharging  socket  (B) 


FIGURE  5.  Dot top 
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WARNING  STATUS  LIMITS  AND  ALGORITHM  REVISION 

The  Initial  Warning  Status  Limits  for  the  EL  MX  15/16  RTA  were  based  on 
the  tissue  tension  of  the  40  min.  tissue.  If  it  exceeded  77  FSW  the  maximum 
depth/time  domain  boundary  had  been  exceeded.  The  diver  then  had  to 
decompress  to  a  depth  ahallover  than  30  FSW  and  wait  until  this  tissue  tension 
fell  below  48  FSW  before  descending.  The  77  FSW  "turn  on"  limit  would  have 
limited  the  times  for  bounce  diving  to  those  in  Table  1.  These  limits  would 
have  proved  restrictive  for  some  profiles  which  were  tested  during  Phase  I 
0.7  ATA  constant  PO2  in  N2  testing  (NEDU  Report  11-80)  which  were  felt  to  be 
very  safe.  Test  profile  4  included  three  successive  dives  to  120  FSW  for  30 
mluutes  with  30  minute  intervals  at  10  FSW  between  each  dive.  The  original 
Warning  Status  Limits  would  have  restricted  the  subsequent  times  at  125  FSW  to 
22  minutes  Instead  of  30  minutes. 

When  the  algorithm  was  revised  for  Phase  II  testing  (NEDU  Report  1-84)  it 
allowed  some  dives  to  be  dove  which  had  previously  been  unsafe.  The  100  FSW 
for  60  minute  profile  was  decompression  sickness  (DCS)  free  in  10  man  dives 
where  the  shorter  Phase  I  schedule  produced  one  case  of  DCS  in  the  same  number 
of  man  dives.  During* testing  of  the  Air/N202  algorithm  (NEDU  Report  8-85)  the 
100/60  schedule  was  dove  on  a  constant  0.7  ATA  PO2  in  N?  on  27  man  dives 
without  DCS  with  a  total  decompression  time  about  the  same  as  in  Phase  I 
testing  (51  minutes)  but  with  a  shallower  first  stop.  Since  the  original 
Warning  Status  Limit  of  77  FSW  was  based  on  the  100/60  Phase  I  profile  it 
appeared  this  limit  could  now  be  relaxed.  Test  Profile  4  mentioned  above  had 
the  40  minute  tissue  tension  at  87  FSW  for  the  two  repetitive  125/30  minute 
exposures.  If  this  limit  is  applied,  the  maximum  time  allowed  at  100  FSW 
increases  to  75  minutes,  and  the  maximum  time  allowed  at  150  FSW  increases  the 
35  minutes.  However,  during  the  Air/N202  algorithm  testing  the  19  DCS  free 
dives  were  on  a  schedule  some  30  minutes  shorter  than  the  current  WAL  18 
schedule.  Therefore  extending  the  limit  line  5  minutes  at  this  depth  is  not 
unreasonable.  When  a  150/40  minute  schedule  was  tested  during  the  Air/N202 
algorithm  testing  there  was  one  DCS  in  10  man  dives  but  the  schedule  was  15 
minutes  shorter  than  the  WAL  18  schedule.  This,  therefore,  does  not  speak 
too  strongly  against  extending  the  limit  line  at  150  FSW.  Therefore  the 
Warning  Status  "turn  on”  tissue  tension  will  be  increased  to  87  FSW.  The 
increase  in  allowed  bottom  times  are  shown  in  Table  1. 

The  original  "Turn  Off"  limit  was  48  FSW.  Looking  at  the  tissue  tensions 
for  repetitive  dives  conducted  during  Phase  II  testing,  the  40  minute  tissue 
tension  had  fallen  to  50  FSW  on  both  the  150/30  repetitive  dive  (Profile  24A) 
and  the  100/60  repetitive  dive  (Profile  25A)  where  the  surface  interval  was  on 
air.  There  was  a  single  case  of  Type  I  DCS  on  the  150  FSW  profile  in  10  man 
dives  while  none  occurred  on  the  100  FSW  profile  in  the  same  number.  Based  on 
these  considerations,  the  30  minute  Increase  in  required  surface  interval 
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which  would  haw*  been  required  by  requiring  another  2  FSW  of  offg&asing  would 
only  serve  to  reduce  the  probability  of  DCS.  So  the  Warning  Statua  "Turn  Off" 
limit  should  remain  at  48  FSW. 

A.  rewised  Warning  status  algorithm  is  found  in  Figure  1.  The  current 
values  for  Pmax,  Pmln,  Di,  and  Dt  are  given.  These  values  may  change  with 
increased  experience  using  the  UDM. 
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TABLE  1 


Depth  of  Dive 

Maximum 

Bottom  Times 

(FSW) 

PA0  -  77  FSW 

Pao  -  87 

150 

25 

35 

1A0 

30 

AO 

139 

35 

A5 

120 

AO 

50 

110 

A5 

60 

100 

55 

75 

90 

70 

100 

80 

100 

220 

70* 

210 

60* 

*  Dives  shallower  then  60  FSW  will  never  result  in  the  AO  minute 
tissue  tension  exceeding  77  FSW  end  et  70  FSW  the  AO  minute 
tissue  tension  will  not  exceed  87  FSW. 
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FIGURE  1 


WARNING  STATUS  PROCEDURE 


Two  Worn  In  gs:  ON  OFT 

SAD  display  flashes  SAD  steady 

red  light  flashes 

Depth  display  flashes  Depth  steady 

red  light  flashes 

Initialization:  both  warnings  off  on  Initial  turn  on. 

Procedure  Execution:  after  all  tissue  updates  and  SAD  computation  concluded. 
Parameters: 

Pw  -  actual  tissue  tension  In  specified  tissue  (currently  40  minute  tissue) 
Pmax  -  maximum  tissue  tension  allowed  In  specified  tissue  (currently  87  FSW  in 
40  minute  tissue) 

Pm  In  -  maximum  tissue  tension  required  In  specified  tissue  (currently  48  FSW  in 
40  minute  tissue) 

D  -  actual  depth 

Di  -  maximum  depth  of  model  (currently  150FSW) 

D2  -  maximum  shallow  Interval  depth  (currently  30  FSW) 


NOTE:  Red  warning  light  should  flash  if  either  SAD  FI  or  DEPTH  FL  is  on. 
(See  section  on  Combined  Light  Interaction  Functioning  in  discussion  section  of 
NEDU  Report  10-86.) 
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APPENDIX  X 


PROPOSED  UDM  COMPUTER  INTERFACE  SPECIFICATION 

Tha  experience  of  tasting  two  prototype  UDMa  dlacuaaed  in  NEDU  Report 
10-86  shoved  the  necessity  of  directly  inputlng  diapley  information  into  a 
boat  computer.  Thia  vould  auffica  for  minimum  maintenance  requirements  but  a 
formal  computer  interface  vould  be  more  deairable.  Additionally,  a  method  of 
recording  and  outputing  the  depth  time  profile  vould  be  uaeful.  A  proposed 
functional  specification  for  these  refinements  ia  provided  below. 

Computer  Interface 

1.  Plugs  into  UDM  replacing  battery  and  supplying  power  while  maintaining 
watertight  integrity  to  UDM  maximum  teat  depth. 

2.  Interfaces  to  hoae  computer  through  standard  aerial  I/O  microcomputer 
port  (aerial  terminal  port,  RS-232  or  IEE  488). 

3.  All  contends  to  and  readouts  from  the  UDM  should  be  ASCII  commands 
executable  through  standard  higher  level  language  (FORTRAN,  BASIC)  I/O 
instructions. 

4.  Interface  should  be  compatible  with  current  IBM  compatible  disc 
operating  systems  for  execution  on  the  widest  range  of  computers. 

5.  The  following  functions  should  ba  available  for  UDM  diagnostic  and 
maintenance  procedurea. 

Read  Display:  Transmits  values  of  all  display  readouts  to  host 

computer.  Numerical  displays  are  transmitted  as  ASCII  integers, 
lights  as  logical  values  (1  ■  ON,  0  ■  OFF).  Data  is  read  one  time 
only. 


Read  Display  Continuous:  Transmits  values  continuously  in  same  format 
as  above  but  a  frequency  of  flashing  warning  indicators.  This 
would  allow  detection  of  flashing  warning  lights  or  displays. 

This  mode  is  stopped  by  executing  a  read  display  command.  Output 
must  be  buffered. 

Read  Algorithm:  Causes  the  entire  algorithm  within  the  UDM  to  be 
dumped  to  an  ASCII  disc  file.  File  name  should  be  user 
specified.  This  file  should  be  such  that  it  could  be  printed 
directly  without  further  manipulation. 

Read  Parameters:  Causes  the  program  variables  and  parameters  (e.g. 
maximum  permissible  tissue  tension  value)  to  he  output  to  an  ASCII 
disc  file. 
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External  Depth:  Disconnects  depth  reglrter  from  UDM  pressure 

transducer  and  accepts  a  depth  from  the  host  computer  using  the 
Sand  Depth  command.  The  depth  register  remains  disconnected  until 
an  Internal  Depth  command  la  issued.  Thus  by  executing  a  Set 
Depth,  the  host  computer  can  send  depth  values  to  the  UDM  without 
the  need  for  presaurisation,  which  would  be  useful  for  diagnostic 
purposes.  Disconnecting  the  UDM  from  -he  external  interface 
automatically  reconnects  the  UDM  depth  register  to  the  UDM 
pressure  transducer  output. 

Send  Depth:  Transmits  a  depth  value  as  on  ASCII  integer  to  the  UDM. 
Interface  will  only  accept  this  data  if  an  External  Depth  command 
has  been  previously  executed. 

Internal  Depth:  Cause  any  further  depths  to  be  input  to  the  UDM  depth 
register  from  the  UDM  pressure  transducer  output. 

Start:  Turns  UDM  on  in  same  manner  as  if  OR/OFF  switch  manually 
turned  on. 

Stop:  Turns  UDM  off  in  same  manner  as  if  0\f/0FF  switch  manually 
turned  off. 

Sleep:  Halts  algorithm  after  current  completion  cycle.  All  displays 
remain  intact  and  can  be  read.  Algorithm  remains  in  sleep  state 
until  ran  issued. 

Run:  Starts  algorithm  again  after  having  been  temporarily  halted  by  a 
sleep  command. 


PrqfUa  Rttcordint 

If  this  provision  is  provided  then  what  is  recorded  depends  on  the  amount 
of  memory  available.  If  sufficient  memory  is  available  then  depth  and  water 
temperature  (*C)  (if  profile  recording  is  implemented  then  a  temperature 
sensor  should  be  provided  to  record  temperature  to  an  accuracy  of  ±1*C)  should 
be  recorded  every  time  the  SAD  is  updated  by  the  algorithm.  Provision  should 
be  made  to  record  profiles  up  to  12  hours  long.  Alternative:  a  recording 
could  be  made  every  time  there  is  a  depth  change  greater  than  or  equal  to 
A  FSW.  However,  in  this  instance  the  time  (in  number  of  A  second  increments 
since  unit  was  turned  on)  must  be  recorded  along  with  the  depth  and 
temperature.  If  32  bits  were  available  for  each  record  then  the  following 
Information  could  be  recorded. 


Time  (#  A  sec  increments) 

1A  bits 

0-18  hrs 

Depth  (FSW) 

9  bits 

0  -  512  FSW 

Temp  (*C) 

5  bits 

-23*C  -  +A0#C 

Warning  Status  Light  #1 

2  bits 

on,  off,  flashing 

Warning  Status  Light  #2 

2  bits 

on,  off,  flashing 
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A  more  efficient  packing  mechanism  might  be  possible  but  the  minimum  and 
maximum  values  should  be  retained.  The  total  number  of  records  which  would 
need  to  be  recorded  would  depend  on  the  number  of  excursions.  The  worst  case 
would  be  4  FSW  changes  every  4  seconds  and  this  would  require  16,384  records. 
However,  it  would  oe  highly  unlike!,1  that  excursions  would  occur  at  that  rate, 
more  lively  long  periods  of  time  would  be  spent  at  a  constant  uepth.  If  one 
assumes  32  excursions  from  C  to  256  FSW  during  an  18  hour  dive  then  each 
excursion  would  require  128  records  and  4,096  total  records  would  be  needed  to 
record  the  profile.  This  is  mure  likely  to  be  the  worst  case  scenario  so 
storing  4,095  records  should  be  the  initial  goal. 

If  records  are  recorded  this  would  need  to  be  recorded  in  an  ASCII  file, 
each  record  consisting  of: 

Time  (sec),  depth  (FSW),  temp  ®C,  Warning  starts  #1,  82 

A  suitable  command  to  be  given  to  the  UDM  through  the  above  computer 
interface  would  cause  the  profile  to  be  stored  in  a  user  specified  ASCII  disc 
file.  An  internal  power  source  would  be  needed  by  the  UDM  to  retain  recorded 
dive  information  during  the  time  the  main  power  supply  is  off  while  connecting 
the  computer  interface.  A  maximum  change  over  time  of  5  minutes  should  be 
sufficient  although  ideally  the  dive  profile  memory  should  have  a  completely 
independent  power  supply  able  to  retain  memory  values  almost  indefinitely,  so 
Information  for  accident  investigation  would  be  available  even  if  the  main 
power  supply  became  exhausted. 

Provision  should  be  made  so  that  the  stored  profile  can  only  be  erased 
after  it  has  been  correctly  read  and  verified,  or  by  actuation  cf  a  separate 
reset  switch  accesaible  only  by  removal  of  some  sort  of  protective  device  to 
prevent  inadvertent  erasure  of  a  recorded  profile. 
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